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Water and Sewage Works Presents Its 1955 R & D Edition 


For 20 Years 
Water & Sewage Works magazine has issued 


an annual reference and data section. 


This Edition 
is the second of these useful handbooks 


to be published as a separate volume. 


The Editors 

have selected articles, tables and charts 
relating to various phases of water supply, 
sewage disposal and industrial waste prob- 
lems. This year, for the first time the 
text material is presented in nine differ- 
ent sections dealing with specific phases 


of water and sewage works. 


The Contents 

provide reference and data material of 
value in management, functional opera- 
tions, water treatment, sewage treatment, 
industrial waste, engineering funda- 


mentals, and design and construction. 


Information 
presented in the 384 pages of this issue 
includes much new material and a variety 


of repeated material having basic value. 


Subscribers 
to Water & Sewage Works receive this new 


reference and data edition without charge. 


TABLE OF CONTENTS appears on PAGE R-2,. 
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WATER & SEWAGE WORKS 


reference and data edition 


%K JUNE 1, 1955 


contents 





1. PRODUCT INDEX Vi. SEWAGE WORKS OPERATIONS 


{ Manufacturer Strear Pr llutior 


Rate Formulas 


il. INTRODUCTORY COMMENT 


Prima Treatment 
il MANAGEMENT ry reatrr r 


secondary Treatment 


Mar agement Trick ing Filters 


Activated Sludge 

inatior 
Sludge Disposal 
udge Handling 
IV. FUNCTIONAL OPERATIONS 
Digestion and Gas Utilization 
Dewatering Drying G Incineratior 
Fertilizer 


Maintenance G Miscellaneous 
Vil. INDUSTRIAL WASTE TREATMENT 
Vill. DESIGN G CONSTRUCTION 


ENGINEERING FUNDAMENTALS 


V. WATER WORKS OPERATIONS pennietey © Qasscitblen: 


ydraul 


sion Factors 


X. INDEXES 


Subject 
Authors 


Advertisers 


A COMPLETE INDEX for this and the four preceding R & D Editions appears on pages R359 to R-367 





ALL COMPANIES 


LISTED 


IN BOLD FACE TYPE 


HAVE ADVERTISEMENTS IN 


rHIs 


ISSUE 


CLASSIFIED INDEX OF PRODUCTS 


For the Index to the Reference and Data Material, an 


IR 

ACID SULFURIC 
HYDROCHLORK 

Alka ce 

nia Salt Mfg. Co 


AND 


Diamond 


R 
ACTIVATED AND BLACK ALUM 
General Chemical Div., Allied 


Chemical & Dye Corp. 
Penr unia Salt Mfe. Co 


R 
ACTIVATED CARBON 
Graver Water Conditioning C« 
Infile« Ine 
Niche Eng 
Stuart Corp 
West Virginia Pulp and Paper Co 
Industria] Chemical Sales Div 


& Research Co 


yh 

ACTIVATED SILICA 
GENERATORS 
Omega Machine Co. 
Wallace & Tiernan, Inc 


R 
AERATION APPARATUS 

American Water Softener Co., In« 

American Well Works 

Chicago Pump Co 

Dorr-Oliver, Ine 

Filter Ce 

Grave Water Conditioning ¢ 
Infileo, Ine 
Pacific Flush Tank Co. 
Permutit Co 
Walker Process Equip., Inc 
Yeomans Bros. Co. 


R 
AGITATORS 
American Water Sof 
Dorr-Oliver, Inc 
Genera! Filter Co 
Hardinge (o., Ine 
nfileo, Ine 
F. B. Leopold Co., Ime 
Link-Belt Co 
Stuart Cerp 
Walker Process Equip., Inc 
Western Machinery Co 
Worthington Corp 


AIR BI 
See | 


OWERS 


\ 


AIR COMPRESSORS 
See ( ’ ese Ai 


/ 

AIR RELIEF VALVES 
Darling Valve & Mfg. ¢ 
Rensselaer Valve Co 
Simplex Valve & Meter Co 


Ki 
ALTERNATORS, ELECTR 

Allis-Chalmers Mfg. Co. 
Electric Machinery Mfg. Co 
Fairbar Morse & Cx 
Genera! Electric Co 
Healy-Ruff ¢ 
Smith & Loveless, Inc 


R 

AMMONIA, ANHYDROUS 
AND AQUA 

General Chemical Div 

Chemical & Dye Corp 

Per unia Salt Mfg. ¢ 


Allied 


1OR 
AMMONIATORS 
American Water Softener C: 
Everson Mfg. C« 
Fischer & Porter Co 


Pre rtioneer Ine 


Lik 
ANTHRAFILT 


Anthracite Equipment Corp. 
Graver Water Conditioning Co 
Infileo, Ine 

Stuart Corp. 

Walker Process Equip., Inc. 


12R 
ARRESTERS, FLAME 
Pacific Flush Tank Co. 


ISR 
ASH AND COAL HANDLING 
MACHINERY 
Bucyrus-Erie 
Chain Belt Co. 
Jeffrey Mfg. Co. 
Link-Beit Co, 
Oliver Corp 
Pacific Flush Tank Co. 


Stuart Corp 


BAR SCREENS 


(See Screens, Sewage) 


14k 
BINS, STORAGE 
Graver Water Conditioning Co 
Jeffrey Mfg. Co. 
Natco Corp. 
Nooter Corp. 


R 
BITUMINOUS COATINGS AND 
LININGS 
Aleo Products, Ine 
Atlas Mineral Products Co 
The Carborundum Co 


Chemical Fire & Rust Proofing Co 
Pittsburgh Coke & Chemical Co. 


Preastite Engineering Co 


BLACK ALUM 


(See Activated Alum) 


BLEACHING POWDER 


See Calcium Hypochlorite) 


16R 

BLOWERS AIR, GAS 
Allis-Chailmers Mig. Co 
Chicage Pump Co. 
De Laval Steam Turbine C« 
Homelite Corp 


toots-Connersville Blower 


BOILER BREECHINGS 


(See Breechings, Steel) 


I7TR 

BOILER FEEDWATER TREAT 
MENT AND EQUIPMENT 
Allis-Chalmers Mfg. Co. 
American Water Softener Co 
Builders-Providence, Inc. 
Chemical Equipment Co. 
Fischer & Porter Co. 
General Filter Co 
Graver Water Conditioning Co 
Infileo, Ine 
Lakeside Engr 
Permatit Co 
Precision Chemical Pump Cory 


Roberts Filter Mfg. Co. 


Corp 


ISR 
BOILERS, GAS 


American Radiator 
Sanitary Corp 


19R 
BOOKS TECHNICAL 
John Wiley & Sons, Inc 


BOXES, VALVE AND METER 
Meter Boxes 


(See Valve Boxes 


CATHODK 


»0R 
BRASS GOODS 


Grinnell Company 
Mueller Co 
Welsbach Corp 


IR 
BREECHING, STEEL 
Nooter Corp. 


BUCKET ELEVATORS 
(See 
Equip.) 


Conveyors and Conveying 


R 
BUFFER SOLUTIONS AND 
TABLETS 


General Laboratory Supply Co 


BUTTERFLY VALVES 
(See Valve Butterfly) 

9R 

CABLE 
Genera! Electric Co 
Genera! Laboratory Supply Co 


24R 

CALCIUM HYPOCHLORITE 
John Wiley Jones Co. 
Olin Mathieson Chemical Corp 
Pennsylvania Salt Mfg. Co 
Proportioneers, I n« 


CARBON-ACTIVATED 


(See Activated Carbon 


R 
CARBONATORS (Recarbonation) 


American Well Works 
General Filter Co 

Graver Water Conditioning Co 
Infileo, Ine 
Lakeside Engr 
Permatit Co. 
Smith & Loveless, Ine 
Walker Process Equip., Inc 


Corp 


GR 


CASTINGS, IRON, STEEL, 


ALLOY STEEL, ET« 

ACF Industries, Inc 

Bethichem Steel Co 

Cast Iron Pipe Research A 
Chain Belt Co 

Filer & Stowell Co 

Jeffrey Mig. Co 

Link-Belt Co. 

United States Pipe & Foundry Co 


7R 


PROTECTIVE 
SYSTEMS 
Chemical Fire & 
| rp 

Electro Rust-Proofing Cory 
Smith & Loveless, Ine 


Rust Pro« 


aR 


CAULKING MACHINES AND 


TOOLS 
Mueller Co 
Joseph G. Pollard Coa., Inc 


Rk 


CEMENT ASBESTOS PIPE 


Johns-Manville 
Keashbey & Mattison Co 


R 


CEMENT GUN 


Cement Gun Co 


Ik 


CEMENT LINING OF PIPE 


Ace Pipe Cleaning, Inc 

Cast Iron Pipe Research Assen 
Centriline Corp 

Chemical Fire & Rust Proofing 
Corp 


James B. Clow & Sons 


W.&S8.W 


d the Index to Advertisers, See the Rear Section of this Issue. 


2k 

CEMENTS, ACID PROOF 
ALKALI PROOF 
Atlas Mineral Products Co 
Johns-Manville 
J. W. Mortell Co 
Pennsylvania Salt Mfg. Co 


AND 


SR 
CEMENTS, REFRACTORY 
The Carborundum Co 
Johns-Manville 

Norton Co 


,Rk 

CEMENTS, SEWER PIPE 
Atlas Mineral Products Co 
Hydraulic Development Co 
Johns-Manville 
Presstite Engineering Co 
Price Bros. Co 


iR 
CEMENTS, WATER MAINS 
Atlas Mineral Products Co 


Hydraulic Development Co 
Price Bros. Co. 


on 
CHAINS (Elevating, Conveying and 

Power Transmission) 

Chain Belt Co. 

Hydraulic Development Co 

Jeffrey Mie. Co. 

Link-Belt Co. 


7R 


CHEMICAL, CONVEYING 
EQUIPMENT 
Chain Belt Co. 
Infileo, Ime 
Jeffrey Mfg. te 
Link-Belt Co. 


CHEMICAL CONTROL EQUIP 


(See Laboratory Apparatus and 


Reagents) 


Sk 

CHEMICAL FEEDING AND 
PROPORTIONING EQUIP. 
American Water Softener Co., Ins 
Bailey Meter Co. 
Builders-Providence, Ine 
Bulkley, Dunton Process 
Chemical Equipment (o 
Everson Mfg. Co 
Pischer & Porter Co 
General Filter Co 
Graver Water Conditioning (Cs 
Infileo, Ine 
Jeffrey Mig. Co 
Komline-Sanderson Engineering 

Corp 

Lakeside Engr 
F. BH. Leopold Ce., Inc 
Omega Machine Co 
Permatit Co. 
Precision Chemical Pump Cor 
Proportioneers, In¢ 
Wallace & Tiernan, Inc 


Cor, 


R 

HLORINATORS 

American Water Softener Cx ly 
Builders-Providence, Ine 
Chemical Equipment (o 

Everson Mfg. Co 

Pischer & Porter Co 

Precision Chemical Pump Cor; 
Proportioneers, Ine 

Wallace & Tiernan, Inc 


HLORINE CONTROL EQUIP 


(See Residual Chlorine Control 


HLORINE DIOXIDE 


(See Sodium Chilorite) 


R 
HLORINE, LIQUID 
Diamond Alkali Co 

John Wiley Jones Co 
Pennsylvania Salt Mie. C+ 


1955 
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ALL 


th 

CLAMPS AND SLEEVES, PIPE 
james Bh. Clow & Bor 

Mire. Ce 

Dresser Mie. Di 

Mueller ts 


Core 


ytl 

CLAMPS, BELL JOINT 
H. ¥. Carson Ce 
James H. Clow & 

Mfg. Di 


Skinner Ce 


Mon 


/ 


CLAMPS, PIPE REPAIR 
James . Clow & Bone 
Dresser Mfg. Di 
Mueller Cx 

MK 


kinne cs 


jf 

CLARIFIERS, BEWAGE AND 
WATER 
Amer W ater 
American Well Works 
Hulkle Dunton Proce 
Chicage Pump Ce 
Derr-liver, Ine 


lear 


een, ine 


General Filte i 
Hardinge Ce., Ine 
Infiles, time 

Lakeside Engr. Cor 
Link-Helt Co 
Permeatit Co 

Watke: Process Equip 
Yeomans Bros. Co 


CLAY PIPt 


oe Vitrifie ( 


/ 
CLEANING WATER MAINS 
Ace Pipe Cl 
Amer 
Flextl 
Flexible 
infiles, | 


National Pewer Redding Corp 
Kobir I 


pe Cleaner Ce 


ne 

COAGULATING AIDS 
The Cart ndum Co 

Chemical Fire & Rust 

Cory 

Deorr-Oliver, Ine 

Infiles, Ime 

Link-Belt Ce 

Ven ania Salt Mfe. Ce 

Philadeiphia Quarts Co 

Wallace & Tiernan, Ine 


OAL AND ASH HANDLING 
MACHINERY 
Ach and Coa 


Handling Ma 


OATINGS, ACID 
ALKALIL-PROO?P 
Amereoat Cory 

Atlas M sl Products Cx 
Chen | Fire & Ruat I 


AND 


roofing 
Cory 
Harn iit Kent Mfg 
Hercules Powder Co 
Heresite & 
Koppers ( Ine 
JW. Mertell Co 
Pittehberch Coke & Chemical Co 


Ine 
Chemical Ce 


OATINGS AND LININGS 


: ( oatings an 


COCKS (Curh, Meter, Corp. ete.) 


Crane (¢ 
Desurik 
Mueller (: 

Welsbach Cory 


Shower Cx 


COLLECTORS (Sledge) 


(See Sludge Collectors) 


W.&5.W REFERENCE & 


COMPANIES 


oftener C« Ine 


Proofing 


DATA 


LISTED IN BOLD FACE 
COLORIMETERS 


(Bee Photoelectric Colorimeters) 


jOR 


COMBUSTION INDICATORS AND 


RECORDERS 

Bailey Meter Co 

Arnold 0. Beckman, Inc. 

M inneapolis-Honey well 
Ce 


Permatit Ce 


Regulator 


ke 
OMMINUTING DEVICES 
Chain Belt Co 

Chicage Pump Ce 

Infileo, Inc 

Werthington (Corp. 


it 
OMPARATORS, COLOR 


General Laboratory Supply Co 


W.A. Taylor & Co 


COMPOUNDS, JOINT 


iSee Jointing Compounds and 


Materials) 


ke 
COMPRESSORS, AIR 
Allie-Chaimers Mig. Co 
Le Roi Div Westinghouse 
Hrake Co 
Worthington Corp 
Yeomans Bros. Co 


Air 


R 
CONCRETE BREAKERS 
Werthington Corp 


yh 
CONCRETE HARDENER 


Philadelphia Quarts Co 


Standard Dry Well Products, Inc 


K 
CONCRETE MIXER 


Chain Belt Co 
Worthington Corp 


R 
CONCRETE PIPE 
(Water and Sewage) 
American 
Amen 
Price Bros. Co 


Concrete Pressure Pipe 


R 
CONDENSERS 
(Steam) 
Allie-Chaimers Mfg. Co 
Werthington Corp 


ah 
CONTRACTORS 
age Werk) 
Ace 
Ranney 
Ine 


(Water and Sew- 


Pipe Cleaning, In« 
Method Water 


Supplies 


R 
CONTROLLERS FLOW, LEVEL. 
PRESSURE, TEMPERATURE 


Bailey Meter Co 

Ernest Bernard Elec. Co 

Ruilders-Providence, Ine 

Piecher & Porter Co. 

Foxboro Co 

General Electric Co 

Healy-Ruff Co 

Infileo, Ine 

Leupold @ 
Ime 

Minneapolis-Honey well 
Co 

Simplex Valve & Meter Co 

Smith & Loveless, Inc 


Stevens Instruments 


Regulator 


1955 


TYPE 


HAVE ADVERTISEMENTS IN 


6OR 


CONVEYORS AND CONVEYING 
EQUIPMENT 
American Well Works 
Builders- Providence, Inc. 
Chain Belt Co. 
Gruendier Crusher & 

Co 

Jeffrey Mig. Co 
Link-Belt Co. 
Morse Boulger Destruction Co 
Oliver Corp 
Omega Machine Co. 
Stuart Corp. 
Walker Process Equip., Ine. 


Pulverizer 


GIR 
COPPER SULFATE 


Tennessee Corp. 


62R 

COPPER TUBING AND 
RED BRASS PIPE 
Mueller Co 


CORPORATION AND CURB 
COCKS 
(See Cocks-Corp 


Curb & Meter) 


R 
CORROSION SUPPRESSION 
Amercoat Corp 
Calgon, Ine 
Chemical Fire & Rust 
Corp 
Eleetro Rust-Proofing 
Mueller Co 
Pipe Linings, Ine 
Pitteburgh Coke & Chemical Ce. 


Proofing 


Corp 


jk 
COUPLINGS AND CONNECTIONS, 
PIPE 
A. M. Byers Co 
James B. Clow & Sons 
Crane Uo 
Dresser Mfg. Div 
Mueller Co 


O5R 
COUPLINGS, FLEXIBLE 
Chain Belt Co. 
James B. Clow & Sons 
De Laval Steam Turbine Ce 
Hamilton Kent Mfg. C.o 
Jeffrey Mig. Co 
Johns-Manville 
Link-Belt Coe 


CULVERT PIPE 


(See Pipe, Culvert) 


GER 
CURB, BOXES 

Alabama Pipe Co. 

James B. Clow & Sons 
Filtration Equipment Corp 
Mueller Co 


‘ Nu 

DECHLORINATING EQUIPMENT 
AND CHEMICALS 
American Water Softener Co., 
Chemical Equipment Co. 
Graver Water Conditioning Co 
Infileo, Ine 
Permatit Co 
Proportioneers 
Tennessee (orp 
Wallace & Tiernan, Inc. 


Ine 


Ine 


GRR 

DE-MINERALIZATION 
EQUIPMENT (Water) 
American Water Softener Co., 
Bulkley, Dunton Processes, Ine 
Chemical Equipment Co. 
Deorr-Oliver, Ine. 
General Filter Co 
General Laboratory Supply Co 
Graver Water Conditioning Co 
Infileo, Ine 
Lakeside Engr 
Layne & Bowler 
Permutit Co. 


Ine 


Corp 
Ine 


THIS ISSUE 


69R 
DEODORIZING 
(Service, Equipment, ( hemicais, 
ete.) 
Airkem, Ine 
American Water Softener Co 
Chemical Equipment ( o 
Lakeside Engr. Corp 
Olin Mathieson Chemical Corp. 
Reliance Chemicals 
West Virginia Pulp & Paper Co 
Industrial Chemica! Sales Div 


Ime 


Cor; 


TOR 
DIATOMITE FILTER SEPTUMS 
American Water Softener C« 
Bulkley, Dunton Procesn« Ine 

Carborundum Co 

Dorr-Oliver, Ine. 

General Filter Co 

Graver Water Conditior 
Infileo, Ine 
Lakeside Engr 
Proportioneers, 


Inc 


Cort 
Inc 


DIESEL 


(See Engines 


ENGINES 


Diese! 


7IR 

DIF FPUSERS—PLATES 
AND FITTINGS 
American Well Works 
The Carborundum Co 
Chicage Pump Co 
Filtros, In« 
Infileo, Inc 
Link-Belt Co 
Walker Process Equip 


TUBES 


Ine 


R 

DIGESTER EQUIPMENT (Sludge) 
American Well Works 
Chicage Pump Co 
Dorr-Oliver, Ine. 
Hardinge Co., Inc 
Infileo, Ine 
Lakeside Engr. Corp 
Pacific Flash Tank Co 
Walker Process Equip 
Yeomans Bros. Co 


Ine 


7IR 

DISTRIBUTORS (Sewage Filter) 
American Well Works 
Derr-Oliver, Inc. 
Infileo, Ine 
Lakeside Engr. Cor; 
Pacific Flash Tank Co 
Smith & Loveless, Inc 
Walker Process Equip., Inc 
Yeomans Bros. Co. 


T4R 
DRAINS, GUTTER, FLOOR 
Chemical Equipment (Co 
James B. Clow & Son 

Irving Subway Grating (« Ine 
75R 
DRILLING AND BORING 
EQUIPMENT 
Bucyrus-Erie 
Layne & Bowler, Inc 
Worthington Corp 


DRIVES, CHAIN 


(See Chains) 


TOR 

DRIVES, RIGHT ANGLE GEAR 
De Laval Steam Turbine C« 
Link-Belt Co. 


Payne Dean & Co 
U. 8. Electrical Motor 


77R 

DRIVES, V-BELT 
Allis-Chalmers Mfg 
Link-Belt Ce. 
Werthington Corp. 


te 


7aK 

DRYING SYSTEMS (Sledge) 
Combastion Engineering, Inc 
Hardinge Co., Ine. 
Kemline-Sanderson Engineering 

Corp. 

Link-Belt Ce. 
Morse Boulger Destruction Co 
Nichols Eng. & Research Cor; 
Reliance Chemicals Cort 





ALL 


th 
EARTH MOVING EQUIPMENT 


Allis-Chalmers Mfg. Co. 
Oliver ¢ [ 


SOR 
EJECTORS, PNEUMATIC ar 
STEAM 
Blackburn-Smith Mfg. Coe., Inc 
Chicage Pamp Ce. 
Economy Pumps, In« 
Lakeside Engr. Cory 
Smith & Loveless, Inc. 
Worthington Corp 
Yeomans Bros. Co 


SIR 


ELECTRICAI 
EQUIPMENT 
Allis-Chalmers Mfg. Co 
Foxboro C« 

Electric Co 

General Filter Co 

Smith & Leveless, Inc 

Westinghouse Electric Cor 


CONTROL 


ELECTRICALLY OPERATED 
GATE VALVES 
(See Valve Motor Operated) 
ELEVATING AND CONVEYING 
EQUIPMENT 
Sew ( nveyor and Conv 


I ment 


Se9R 

ENGINE-GENERATOR UNIT 

Allis-Chalmers Mfg. Co. 

Climax Engine & Pump Mfg. C« 

Morse & Co 

Homelite Cory 

Le Roi Di 
Brake (C« 

National Supply C« 

Worthington Corp 


Fairbank 


ENGINES DIESEI 
Allis-Chalmers Mfg. Co 
Fairbanks Morse & Co 
Oliver Cory 
National Supply Co 
Worthington Corp 


R 

ENGINES, DUAL FUEI 
Allis-Chalmers Mfg. Co 
Fairbanks Ms & Ce 
National Supply Ce 
Worthington Corp 


ENGINES (Gas and Gasoline) 
Allis-Chalmers Mfg. Co 
Climax Eng e & Pump Mfg 

rbanh Morse & Co 
Westinghouse 
‘) 


Worthington Corp 


ENGINES, SLUDGE GAS 
Climax Engine & Pumy 
Fairbanks Morse & Co 
Le R Di Westinghouse A 

K e 


Mfg 


Natior Supply Ce 
Worthington Corp 


EXHAUSTERS, AIR 


See Pump, Vacuum) 


EXPANSION JOINTS—PIPE 


ee J t Expansion, Pipe 


R 

FANS, EXHAUST AND 
VENTILATING 
Westing? 


FEED, CHEMICAL 


« Che cal Feeding Equipment 


COMPANIES 


Westinghouse Air 


LISTED 


SSR 
FEED WATER HEATERS AND 
FILTERS 


American Water Softener Co., Inc 
Graver Water Conditioning Co 
Infileo, Ine 
Lakeside Engr 


Corp 
SOR 
FENCE (Chain Link) 


Continental Steel Co 


OOR 
FERRIC CHLORIDE 
Infileo, Ine 
Omega Machine Co. 
Pennsylvania Salt Mfg. Co 
Precision Chemical Pump Corp 
Proportioneers, Ine 


CHLORIDE FEEDERS 


Propor- 


FERRIC 
Chemical Feed 
Equipment) 


(See and 


tioning 


TR 
FERRIC SULPHATE 
Tennessee Corp. 


FIBRE PIPE 


(See Pipe, Fibre) 


R 
FILTER AIDS 


Johna-Manville 
Proportioneers, In« 


R 
FILTER ALUM 


General Chemical Div., 
Chemical & Dye Corp 
Koppers Co., Ine 


Allied 


yk 

FILTER EQUIPMENT 
American Well Works 
American Water Softener Co., In« 
Bulkley, Dunton Processes, In« 
Chemical Equipment Co. 
Deorr-Oliver, Ine. 
Everson Mfg. Co 
Filtration Equipment Corp 
Fischer & Porter Co. 
General Filter Co 
Graver Water Conditioning Co 
Hardinge Co., Ine. 
Infileo, Ine 
Lakeside Engr. Corp 
PF. B. Leopold Co., Ine. 
Millipore Filter Corp 
Permatit Co. 
Proportioneers, Ine 
Roberts Filter Mfg. Co. 
Simplex Valve & Meter Co 
Smith & Loveless, Inc. 
Stuart Corp. 
Walker Process Equip., Inc. 


R 
FILTER MEDIA 
American Water Softener Co., Ine 
Anthracite Equipment Corp. 
Bulkley, Dunton Processes, In« 
The Carborundum Co 
Graver Water Conditioning Co 
Infileo, Ine 
Johns-Manville 
Norton Co 
Proportioneers, Ine 
Stuart Corp. 


GR 
FILTER PLATES AND TUBES 
American Well Works 
The Carborundum Co 
Filtros, Ine 
Norton Co 


FILTER RATE CONTROLLERS 
AND GAGES 
Rate 


(See Controllers) 


R 
FILTER UNDERDRAINS, 
SEWAGE 
The Carborundum Co 
Filtros, In« 


Infileo, Ine 
Nateo Corp 


IN BOLD FACE TYPE 


HAVE ADVERTISEMENTS IN 


ORR 


FILTER UNDERDRAINS, 
WATER 


American Water Softener Co., Ine 
The Carborundum Co 

Filtration Equipment Corp. 
Filtros, Ine 

General Filter Co 

Graver Water Conditioning Co 
Infileo, Ine 

F. B. Leopold Ce., Ine. 
National Clay Pipe Mfrs 
Roberts Filter Mfg. Co. 
Stuart Cerp. 

Walker Process Equip., Inc 


Assn 


OOR 
FILTERS VACUUM 
Chicage Bridge & Iron Co 
Derr-Oliver, Ine, 
Komline-Sanderson Engineering 
Cerp. 
Morse Bros 


Mach. Co 
100R 
FITTINGS, 


Crane Co 


PIPE, SOLDER TYPE 


101R 

FITTINGS, TEES, ELLS, ET« 
American Cast Iron Pipe Co 
Cast Iron Pipe Research Assn 
James B. Clow & Sons 
Continental Can Co 
Crane Co 
Dresser Mfg. Div 
Grinnell Company 
M. & H. Valve & Fitting Co. 
Mec Wane Cast Iron Pipe Co 
Mueller Co 
United States Pipe & Foundry Co, 
R. D. Wood Co 


FLASH MIXING EQUIPMENT 


(See Mixers and Mixing Equip 
ment) 


FLEXIBLE JOINTS 


(See Joints, Flexible Pipe) 


102R 
FLOATING COVERS (Digester) 
Chicage Pump Co. 
Infileo, Inc 
Pacific Flush Tank Co 
Watker Process Equip., Inc 


103K 

FLOCCULATING EQUIPMENT 
American Water Softener Co., Ine 
American Well Works 
Bulkley, Dunton 
Chain Belt Co 
Chicago Pump Ce. 
Dorr-Oliver, Ine 
General Filter Co 
Graver Water Conditioning Ce 
Infileo, Ine 
Jeffrey Mfg. Co 
Lakeside Engr. Cory 
Link-Belt Co 
F. B. Leopold Co., Inc 
Permutit Co. 
Reliance Chemicals Cory 
Smith & Loveless, Inc 
Stuart Corp. 
Walker Process Equip., ine 


Processes, Ine 


FLOORING 
(See Gratings) 
FLOW RECORDERS 
(See Rate of Flow Recorders) 


FLOW REGULATORS 


(See Rate of Flow Controllers) 


104k 

PLOW METERS 
Bailey Meter Co. 
Builders-Providence, Ine 
Chicago Pump Co. 
Fischer & Porter Co. 
Foxboro Co 
Infileo, Ine 
Leupold & 

Ine 

Minneapolis-Honeywell Regulator 


Stevens Instrument 


Co 
Simplex Valve & Meter Co 
Sparling Meter Co., Inc 


W.&S.W. 


THIS ISSUE 
105R 
PLUMES, IRON AND STEEL 


Bethichem Steel (Co. 
Simplex Valve & Meter Co. 


106R 
FLUORIDATION CHEMICALS 
Chemical Equipment Co. 
Tennessee Corp. 
John Wiley Jones Co. 
General Chemical Div., 
Chemical & Dye Corp 


Allied 


107R 

FLUORIDATION EQUIPMENT 
Chemical Equipment Co. 
Fischer & Porter Co. 
Infileo, Ine 

Machine Co. 

Precision Chemical Pump Corp 
Proportioneers, In« 
Wallace & Tiernan, Inc. 


108R 

FORMS AND GASKETS FOR 
PIPE JOINTS 
Johns-Manville 


Presstite Engineering Co 


109R 

FURNACES 
Ladies, Pota, Ete.) 
Hydraulic Development Corp 
Joseph G. Pollard Co., Inc. 
Westinghouse Electric Corp 


(Melting, Pouring, 


110k 
GAGES (Liquid Level, 
Recording) 
Bailey Meter Co. 
Builders-Providence, Ine 
Crane Co 
Pischer & Porter Co. 
Foxboro Co 
Healy-Ruff Co 
Infileo, Ime 
Leupold & 
Ine 
Minneapolis- Honeywell 
Co 
Pacific Flush Tank Co. 
Simplex Valve & Meter Co. 
Sparling Meter Co., Ine 


Pressure 


Stevens InstruMents 


Rexvulator 


GARBAGE GRINDERS 


(See Grinders) 


111k 
GAS DIFFUSERS 
American Well Works 
Chicago Pamp Coe. 
Filtros, Ine 
General Filter Co 
Infileo, Ine 
Walker Process Equip., Inc 


GAS ENGINES 


(See Engines, Ga 


112R 

GAS HOLDERS 
Hethlehem Steel Co 
Chicago Bridge & tron (Co 
Chicage Pamp Co. 
Derr-Oliver, Ine. 
Pacific Flush Tank Co 
Pittshargh-Des Moines Steel Co 
Walker Process Equip., Inc 


113R 

GAS INDICATOR AND 
DETECTORS 
Bailey Meter Co 
General Eleetrie Co 


114k 
GATES, SHEAR 
Chapman Valve Mfg. Co 
James B. Clow & Sons 
Eddy Valve Co 
Filtration Equipment Corp 
Rodney Hunt Machine Co 
lowa Valve Co 
Ladiow Valve Mfg. Co., Ine 
M. & H. Valve & Fitting Co 
Mueller Co 
Steuart Corp 
Washington Alaminum (o., Ine 
1955 


REFERENCE & DATA 





ALL COMI 


GATES, SLUICE 
‘ nan Valve Mfg 
Filer & Stowell Co 
Kodne Hunt Ma 
we Vaive ¢ 
Ladiow Valve Mfg. Co 
v en Mach. ¢ 
Mueller ¢ 
Stuart Cerp 
Washington 


Alauminam Coe., Ine 


j 


CATE 


VALVE OPERATOR 


' vel 
' le 
F Valve ¢ 
Fischer & Porter Co 
K ‘ iH Mact 
Inf 
a Valve ¢ 
Ladiow Valve Mfg. Ca.. Ine 


GATE VALVES 


GEARS, SPEED REDUCING 
lie I ! } 
Link-Helt Co 
W ent o Whe ‘ 
Worthington Corp 


ne Co 


GEIGER COUNTERS 


GENERATOR SETS 
DIESEL, ENGINES 


GAS AND 


GENERATORS (Electric) 
Allie-( halmerse Mfg. Co 
Electric Mach. Mie. Co 

Morse & { 
blect i 


We 


} e } 
Worthington Corp 


COORENEC KS 


RATINGS, FLOORING, TREADS 


JREEN SAND 


Chemical Equipment Co 


Lab eo Be ‘ 


/RINDERS, GARBAGE 
SCREENINGS 
American Well Works 
Chain Belt Co 
Dorr-Oliver, Ine 
f Flectr 


AND 


Jeffrey Mig. Co 


Watker Process Equip., Inc 


GRIT CHAMBER EQUIPMENT 
AND GRIT WASHERS 
American Well Werks 
Chain Belt Co 
Chicage Pamp Co 
Derr-Oliver, Ine 
niles ine 

Jeffrey Mie. Co 

Link-Belt Co 

Stuart Corp 


Watker Process Equip., Inc 


W.&5.W REFERENCE & 


DATA 


ANIES LISTED IN BOLD FACE 
R 

GROUND KEY STOPS 
Ford Meter Box Cx Ine 
Welsbach Corp 


/ 
GUNITING CONTRACTING 


Cement Gun Ce 
Chemics Fire & Ru 


/ 
HEATERS 


Americar 


DIGESTER 
Radiat 4 st 
Sanitary Cor; 

Chicage Pump Co 

Dorr-Oliver, Ine 

nfile« Ine 

Pacific Flash Tank Co 


Watker Process Equip., Ine 


HOSE, STEAM, AIR, WATER 
SUCTION 


Iinited 


/ 
HYDRANTS (Pire 
James BH. Clow & Sor 
Darling Valve & Mf 
hald Valve Ce 
lowa Valve Co 
Ludlow Valve Mfg. Co., Ine 
M. & H. Valve & Pitting Co 
Mueller C« 
Rensselaer Valve 
A. P. Smith Mfe. Co 
I 


I Wood Ce 


HYDRANT PUMPS 
Pumy H 


HYDRAULICALLY 
GATE VALVES 


OPERATED 


HYDROGEN ION EQUIPMENT 
e pH Test 


Zauipment 


HYPOCHLORITES (High Test) 
Hypochlorite 


Calcium 


R 

HYPO-CHLORINATORS 
American Water Softener Cs 
Chemical Equipment Co 
Piecher & Porter Co 
Olin Mathieson Chemical Corp 
Omega Machine Co 

Chemical Pump Cory 

Vroportio Ime 

Wallace & Tiernan, Inc 


Precision 


neers 


j R 
INCINERATORS (Sludge and 
Garbage) 
Combustion Engineering, Inc 
Morse Boulger Destruction Co 
Eng. & Research Ce 
Pitteburgh-Des Moines Steel Co 


Nichols 


vin 


INDICATORS, LARGE 
DIAL ILLUMINATED 
Halley Meter Co 
Builders-Providence, 
General Filter Co 
Infileo, Ime 
Leupold & 

Ine 
Spariing 


Ine 


Stever 


Meter ¢ 


R 
INSECTICIDES 
Diamond Alkali Co 
General Chemical Div 
Chemical & Dye Corp 
Koppers Ce 


Allied 


mpany, Ine 


enneyivania Salt Mfg. Ce 


K 
INSERTING SLEEVES, 
Jame B. Clow & Son 
lowa Valve Co 
Ludlow Valve Mfg. Co., Ine 
Mueller Ce 
A. P. Smith Mfg. Co 


VALVE 


rYPr 


HAVE ADVERTISEMENTS IN 


134k 
INSULATION 


Johne-Manville 
J. W. Mortell Co 


IRON SULFATE 


( See Sulfate r Ferrous 


Ferric 
f 


l Kk 

JOINTING COMPOUND AND 
MATERIALS 
Atlas Minerai Products (< 

rinnell Company 

Hydraulic Development Cor 
Johns-Manville 
Koppers Company, In« 
Joseph G. Pollard Co., Ine 
I 


tite Engineering Co 


196R 
JOINTS, EXPANSION—PIPE 
Jame | f w&s&8 


‘ ane ¢ 

I ‘ vif Di 
Johns-Manville 
LU mite te K 


JOINTS 
J ‘ 
t nited 


FLEXIBLE PIPE 
KH. ¢ A ~ 


States Pipe & Foundry Co 


JOINTS, MECHANICAL 
FLEXIBLE 


Jame | ‘ w & Son 
Dresser Mfg. Di 
Grinnell Compar 


United States Pipe & Foundry Co 


j R 
JUTE, BRAIDED AND TWISTED 


Hydrau 
Joseph G 


Development Cory 
Pollard Co., Ine 


ke 
ABORATORY APPARATUS 
REAGENTS AND EQUIPMENT 
Arnold O. Beckman, Inc 
Hailey Meter Co. 
Calgon, In 
Fischer & Porter Co. 
General Chemical Div. 
Chemical & Dye Corp 
General Laboratory Supply Co 
Hydraulie De 
Kiett Mfg. Co 
Millipore Filter Cor; 


Allied 


elopment Cory 


Norton Co 
Phipps & Bird, Inc 
W. A. Taylor & Cx 


LEAK LOCATING INSTRUMENTS 
ee Water Leak I 


ments 


ocating Instr 


LINING, TANKS 


ee Tanks, Lining 


LIQUID CHLORINE 


ine, Liquid) 


(LER 
LOCATORS, BOX, PIPE AND 
VALVE 
Detect 


Joseph G 


ror 


Cort 
Pollard Co., Inc 


142R 
LUBRICANTS, VALVE 
Rockwell Mfe. C« 


’ pe 
MANHOLE FRAMES, COVERS 
H. W. Clark Ce 
James B. Clow & Son 
Irving Subway Grating ( 


A. Reed Wileon ( 


THIS ISSUE 


144k 
MANOMETERS 
Builders-Providence. Ine. 
Pischer & Porter Co 
Infileo, Ine 
Simplex Valve & Meter Co 
Wallace & Tiernan, Inc 


145R 
METEOROLOGICAL 
INSTRUMENTS 
Leupold & Steve 
Ine 


156R 

METER ACCESSORIES 
HOUSING SETTING 
Alabama Pipe Co 
H. W. Clark Cx 
Darling Valve & Mf 
Ford Meter Box ¢ 


lowa Valve Ce 


BOXES, 
ET¢ 


147k 

METER CLEANING 
and Chemicals) 
Bailey Meter Co 


(Equipment 


148R 
METER COUPLINGS 
Badger Meter Mfg. ‘ 
H. W. Clark ¢ 
Ford Meter Box ¢ 
Mueller Co 
Neptune Meter Co 


YORKES 


149R 
METER REPAIR PARTS 
Badwer Meter Mfz. ¢ 
Hersey Mfg. Co 
Neptune Meter Co 
Worthington-Gamon 
ington Corp 


Div Worth 


I R 
METERS, ELECTRIC 
Bailey Meter Co 
General! Electric ¢ 
Simplex Valve & Meter Co 
Westinghouse Electric ¢ 
Minneapolis-Hone ‘ Rey 


I dk 

METERS, FLOW 
Bailey Meter Co 
Builders-Providence, Inc 
Simplex Valve & Meter Co 

Meter ( 


TUBE 


Spariting 


152R 

METERS, GAS 
Bailey Meter Co 
Builders-Providence 
Fischer & Porter Co 


Foxboro Co 
Minneapolis 


Ine 


Honey ws 


Co 
Rockwell Mfg. Co 
Roots-Conners vill 


I R 

METERS (Turbine Type 
Badger Meter Mfg. ‘ 
Pischer & Porter Co 
Hersey Mfe. Co 
Neptune Meter Co 
Rockwell Mfg. C« 
Worthington -Gamon 

Worthington Corp. 


Meter Div., 


154R 
METER TESTING EQUIPMENT 
Badger Meter Mfg. ‘ 
Fischer & Porter Co 
Ford Meter Box ( 
Hersey Mfg. Co 
Neptune Meter Co 


R 
METERS, VENTURI 
Bailey Meter Co 
Builders-Providence 

Foxboro Co 
Infileo, Is 
Minneapoli Honey we Regul 
to 
Simplex Valve & Meter Co 


Inc 





ALL COMPANIES 


I R 

METERS, WATER (Consumer) 
Badger Meter Mfg. Cx 
Buffalo Meter Co 
Builders-Providence, Inc. 
Hersey Mfg. Co 
Neptune Meter Co. 
Rockwell Mfg. Co 
Worthington-Gamon 

sion, Worthington Corp. 


I R 

MIXERS AND MIXING 
EQUIPMENT 
American Well Works 
Chain Belt Co. 
Dorr-Oliver, Ine 
Infileo, In« 
Jeffrey Mfze. Co 
F. B. Leopold Ce., Inc. 
Stuart Corp. 
Walker Process Equip., Inc 
Western Machinery Co 
Worthington Corp 


I58R 

MOTORS, ELECTRIC 
Allis-Chalmers Mfg. Co 
Electric Mach. Mfg. Co. 
Fairbanks Morse & Co 
General Electric Cx 
I S. Electrical Motors 
Westinghouse Electrie 
Worthington Corp 


R 
NOZZLES, FLOW 
Bailey Meter Co 
Builders-Providence, Inc 
Foxboro C« 
Simplex Valve & Meter Co 


R 
NOZZLES, SPRAY 
Sewage) 
Chain Belt Co 
Grinne Con 
In filee Ime 
Link-Belt Co 


Lakeside Engr 


Cor} 
Pacific Flush Tank Co 
Worthington Corp 
Yeomans Bros. Co. 


GIR 
OPERATING TABLES (Pilter) 
American Water Softener C« 

Builders-Providence, Ine 
Filtration Equipment Corp 
Foxboro Co 

General Filter ¢ 

Infileo, Ir 

F. B. Leopold Ce In« 
Permutit Co. 

Roberts Filter Mfg. Co 
Walker Process Equip., In« 


R 
ORIFICES 
Bailey Meter Co 
Builders-Providence, Inc 
Fischer & Porter Co. 
Foxboro Co 
General Filter Co 
Infileo, Ine 
Minneapolis - Honey we Rey 
t« 
Simplex Valve & Meter Co 
Werthington Corp 


1E8R 

OZONE EQUIPMENT 
Welsbach Cory 

164k 

PACKING (Pamps and Valves) 
Johns- Manville 


United States Rubber ( 


R 
PAINT (Acid Resisting) 
Amercoat Cor; 
Atlas Mineral Products ¢ 
Hercules Powder Co., Inc 
Koppers Co., In« 
J. W. Mortell Ce 
ennsylvania Salt Mfg : 
Pittsburgh Coke & Chemical Co 


Meter Divi 


(Water and 


166R 

PENSTOCKS 
Alco Products, Inc 
Bethlehem Steel Co. 
Chicago Bridge & Iron 
R. D. Cole Mfg. Coe. 
Hammond Iron Works 
Rodney Hunt Machine Co 
Nooter Corp 
Westinghouse Electric Cor; 


R 
pH TEST EQUIPMENT 
Allis-Chalmers Mfg. Co. 
Bailey Meter Co. 
Genera! Laboratory Supply 
Infileo, Inc 
Permutit Co. 
Ww A. Taylor & Co 
Wallace & Tiernan, Inc 


SR 
PHOTOELECTRIC 
COLORIMETERS 


General Laboratory Sur 


1G9R 

PIPE AND FITTINGS, LINED 
American Cast Lron Pipe 
American Hard Rubber Co 
Bethlehem Steel Co 
Cast Iron Pipe Research Asar 
Chemical Equipment (Co. 
James B. Clow & Sons 
Crane Co 
Heresite & Chemical Co 
United States Pipe & Foundry Co 
United States Rubber Co 


R 
PIPE AND TANK COATINGS 
Amercoat Corp 
Cement Gu 
Chemical Fire 
Corp 
Heresite & Chemical Co 
Johns-Manville 
J. W. Mortell Co 
Pennsylvania Salt Mfg. Co 


IR 

PIPE, ASBESTOS-CEMENT 
Johns-Manville 
Keasbey & Mattison Co 

i R 

PIPE, CAST IRON 
Alabama Pipe Co. 
American Cast Iron Pipe 
Cast Iron Pipe Research Assen 
James B. Clow & Sons 
Combustion Engineering, Inc 
Mc Wane Cast Iron Pipe Co 
National Supply Co 
United States Pipe & Foundry Co 
R. D. Wood Co 


j Re 

PIPE, CEMENT LINED 
Alabama Pipe Co. 
American Cast Iron Pipe 
Cast Iron Pipe Research Assen 
James B. Clow & Sons 
McWane Cast Iron Pipe Co 
United States Pipe & Foundry Co 
R. D. Wood Co 


174K 
PIPE, CEMENT LINING OF 
Ace Pipe Cleaning, Ine 
Centriline Corp 
James B. Clow & Sons 
Pipe Linings, In« 
Standard Dry Well Products, Ine 


I75R 
PIPE, CONCRETE, PRESSURE 
American Concrete Pressure Pipe 
A seo 
Price Bros. Co. 


PIPE. COPPER, BRASS AND 
BRONZE 
Mueller Co 


OR 
PIPE, CULVERT 
James B. Clow & Sons 
Nooter Corp. 
Price Bros. Ce. 


LISTED IN BOLD FACE TYPE HAVE 


ADVERTISEMENTS IN 


177R 

PIPE CUTTING MACHINES 
Ellis & Ford Mfg. Co., Inc 
Prescott Tool Co., Ine 
A. P. Smith Mfg. Co. 
E. H. Wachs Co 


178R 
PIPE ENAMELS, PROTECTIVE- 
COAL TAR 
Aleo Products, Inc 
Koppers Co., Ine 
J. W. Mortell Ce 


PIPE FITTINGS 


(See Fittings) 


PIPE, HARD RUBBER LINES 


(See Rubber Lined Pipe and 


Valves) 


PIPE JOINT COMPOUNDS 


See Jointing Compounds) 


17T9OR 
PIPE JOINT PACKING 
Atlas Mineral Products Co 
Hydraulic Development Cory; 
Johns-Manville 


Preastite Engineering C« 


180R 


PIPE JOINTS (Mechanical) 


H. Y. Carson Co 

Cast Lron Pipe Research Asser 
James B. Clow & Sons 

Grinnell Company 

MeWane Cast Iron Pipe Ce 
United States Pipe & Foundry Co 
R. D. Wood Co 


181k 


PIPE JOINT TOOLS 


Hydraulic Development Cory 
Mueller Cé 
Joseph G. Pollard Ce., Ine 


182R 

PIPE LOCATORS 
Detectron Corp 
Joseph G. Pollard Co., Inc 
Filtration Equipment Corp 


ISSR 


PIPE, PLASTIC 


American Hard Rubber C« 
Atlas Mineral Products (: 
Chemical Equipment Co. 
Continental Can Co 
Crane Co 

United States Rubber Co 
Westinghouse Electric Cor; 
Yardley Plastic Co 


IS4R 


PIPE, SEWER 


Hethiechem Steel Co. 

James B. Clow & Sons 
Johns-Manville 

Keashey & Mattison Co 

Nateo Corp 

National Clay Pipe Mfrs. Ass 
Nationa! Supply Co 

Price Bros. Ce. 

United States Pipe & Foundry Co 


ISSR 


PIPE, STEEL (All Types) 


Aleo Products, In« 
Bethichem Steel Co. 
National Supply Co 


186R 

PIPE TAPPING MACHINES 
Mueller Co 
A. P. Smith Mfg. Co 
Welsbach Corp 


187R 

PIPE TEST PLUGS 
James B. Clow & Sor 
Eddy Valve Co 
Flexible Sales Cory 
Joseph G. Pollard Co., Ince 
A. P. Smith Mfg. Co 


W.&58.W 


THIS ISSUE R-7 


188R 

PIPE THAWING, ELECTRICAL, 
STEAM, FLAME 
Joseph G. Pollard Co., Ine. 


fS9R 
PIPE TOOLS (Asbestos, Cement) 
E. H. Wache Co 


19OR 

PIPE TOOLS (Cutters, Extractors, 
Threaders, Wrenches, Ete.) 
Flexible Sales Corp 
E. H. Wachs Co 


PIPE, VITRIFIED CLAY 
(See Vitrified Clay Pipe and Prod 
ucts) 


191R 
PIPE WRAPPING 
Chemical Fire & Rust 
Corp 
Johns Manville 
J. W. Mortell Co 
Pipe Linings, Inc 


192R 
PIPE, WROUGHT IRON 
A. M. Byers Co 


198R 
PITOT TUBES 
Foxboro Co 
Simplex Valve & Meter Co 


PLASTIC PIPE AND TUBING 


(See Pipe Plastic) 


PNEUMATIC CONVEYORS 
(See Conveyors and Conveyin 


Equipment) 


194k 
POROUS TUBES AND PLATES 
American Well Works 
The Carborundum C: 
Filtros, Ine 
Walker Process Equip., Inc 


i R 
POWER TAKE-OFF (Truck Type) 
Payne Dean & Co 


PRESSURE REGULATORS 
(See Regulators, Pressure) 


196R 
PRESTRESSED CONCRETE 
TANKS 


Cement Gun Co., Ine 


PROPORTIONING EQUIPMENT 
(See Chemical Feed and Propor 


tioning Equipment) 


197R 
PUMPING CONTROLS 


Builders-Providence, Ine 
Chicago Pump Co. 
Piecher & Porter Co. 
General Electric Co 
Healy-Ruff Co 

Smith & Loveless, Inc 


198R 
PUMP PRIMERS 


Chicage Pump Co. 
Smith & Loveless, Ine 


199R 
PUMPS, ACID-HANDLING 
Allie-Chaimer Mfg. Co 
American Hard Rubber Co 
Aurora Pump Di 
Brake Co 
De Laval Steam Tu 
Dorr-Oliver, Ine 
Piecher & Porter Co 
Johneton Pump C« 
Komline-Sanderson 
Cerp. 
Peerless Pump UD 
Precision Chemica! | 
Weinman Pump Mf 
Worthington Corp 
Yeomans Bros. Co 


Engineering 


RereReNnce & [DATA 1955 





R-# ALL COMPANIES LISTED IN BOLD FACE 


PUMPS 


ee Pun my 


CELLAR DRAINER Nh 
4 PUMPS, SEWAGE AND 

DRAINAGE 
Allis-Chalmers Mfz. Co 
American Well Works 
Aurora Pump Div N 

Brake Co 
Chicage Pump Co. 
EKeonomy Pump, Ine 
Fairbanks Morse & Co 
Layne & Bowler, Inc 
Peerless Pump Div 
Weil Pump Co 
Weinman Pump Mfg. C« 
Western Machinery Co 
Werthington (orp 
Yeomans Bros. Co 


PUMPS, CENTRIFUGAI 
Allle-_halmers Mig. Co 
American Well Werks 
Aurora Pump Di N 
rake ¢ 

Chain Belt Co 

thicage Pump Ce 

De I ‘ Turbine Ce 

Derr-Oliver 

Keonon 

Pai 

Hore 

Deer le ik 


went 5 PUMPS, SLUDGE 


Weinn I np Mfg. « 
Western Machinery Co Allis-Chalmers Mfg. Co 
Worthington Corp American Well Works 
Avrora Pump Div N 

Brake Co 
Chicage Pump Co 
Deorr-Oliver, Ine 
Eeonomy Pump, Ine 
Fairbanks Morse & Co 
Komline-Sanderson Engineering 

Cerp 
Lakeside 


tearm 
Ime 
n Ine 


Yeomans Bros. Ce 


PUMPS, DEEP WELI 
American Well Werke 


\ Pumy Dp 


Engr. Cori 
Peerless Pump Div 

Walker Process Equip., Inc 
Western Machinery Co 
Worthington Corp 
Yeomans Bros. Co 


ke ¢ 
Hyren Jackson Co 
I sunke Morse & ( 
Joh net Pump Ce 
I e& th ‘ Ir 
Peerle Pun Di 
Worthington (Corp ior 


PUMPS, SUMP 
DRAINER) 
Aurora Pump Div Air 

rake Co 
Kyron Jackson Co 
Chicage Pump Co 

Derr-tiliver, Ine Economy Pumps, Inc 

Fischer & Porter Co Fairbanks Morse & Co 

Komline-Sanderson Engineering Johnston Pump Co 
Corp Peerless Pump Di 

Vv et Machinery Co Weil Pump Co 

Joseph G. Pollard Co., Ine Weinman Pump Mfg. C« 

‘ Chemical Pump Cor Western Machinery Co 

Western Machinery Co co ° Ce. 


(AND CELLAR 


PUMPS, DIAPHRAGM 


Chain Helt Ce 


ik 
PUMPS, TURBINE 


American Well Works 

Aurora Pump Di N 
rake Co 

Morse & Co 

Johnaton Pump Co 

Layne & Howler, In« 


Peerles 


PUMPS, DRAINAGE 


Fairbanks 


Pump Div 


PUMPS, HYDRANT Worthington Corp 


t a} Mire. Cs Ine ‘ " 

Joseph G. Pollard Co., Ine ian 

PUMPS, VACUUM 
Allie-Chalmers Mfx. ¢ 
Chicage Pump Co 
Dorr-Oliver, Ine 
General Laboratory Supply Co 
Root ille Blower 
Worthington Corp 
Yeomans Bros 


PUMPS, HYDRAULK 
(Pressure Boosting) 
Weinn Pump Mfe. 
Werthington Corp 


Conners 


RAIN GAGES 
See Meteor 


ological Inet 


PUMPS, PORTABLE 
thain Helt Co 
j M 
Home 


1aR 
RATE OF FLOW CONTROLLERS 


Hadger Meter Mfe. Co 
oe ad Halley Meter Co 
Worthington Corp Builders-Providence, 
Bulkley 
Fischer & Porter Co 

Foxboro Co 

General Filter Co 

Inflleo, Ine 

Mineapolis 
t< 

Simplex Valve & Meter Co 

Meter Co., Ine 


Dunton Processe 


PUMPS, ROTARY 
De I eam Turbine Co 
' Ml e & 
K ta-( ‘ e Ble 
Worthington Corp 


Honeywell Regulater 


Sparling 
RATE OF FLOW RECORDERS 
Radeer Meter Mfg. Co 
Hailey Meter Co 
Kuilders- Providence, 
Pischer & Porter Co 
Foxboro Co 
General Filter Cs 
Inflleo, Ine 


Ine 
PUMPS, SELF 
\ } ' 
rake ¢ 
Chain Belt Co 
De I team Turbine Ce Leupold @& 
I rba nh M e& Co Ime 
Jobe Pump Cs Minneapoli 
Deerte Pump Div Co 
Route -« er Simplex Valwe & Meter Co 
Werthington (orp Meter Co., Ine 


PRIMING 
Di N 


Stevens Instruments 


Honeywell Rewulator 


le Blower 


Sparling 
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TYPE 


HAVE ADVERTISEMENTS IN 


REC ARBONATORS 


(See Carbonators) 


215R 
REFRACTORIES 
The Carborundum Co 


Johns Manville 
Norton Co 


»16R 

REGULATORS, PRESSURE 
(Water and Gas) 
American Radiator & 

Sanitary Corp 

Bailey Meter Co. 
Fischer & Porter Co. 
Foster Engineering Co. 
Rockwell Mfe. Co 


Standard 


RESERVOIRS, STEEL 


(See Tanks and Standpipes) 


17k 

RESIDUAL CHLORINE 
CONTROLLERS 
General Laboratory 
W. A. Taylor & Co 
Wallace & Tiernan, Inc. 


Supply Co 


18K 
RESIDUAL CHLORINE TEST 
APPARATUS 
Ww A. Taylor & Co 
Wallace & Tiernan, Inc 


»19R 
ROOF COATINGS 
Johns-Manville 
Koppers Co., Ine 


Presstite Engineering Co 


OR 

RUBBER LINED 
VALVES 
American Hard Rubber Co 
Darling Valve & Mfg. Co 
Grinnell Company 
Heresite & Chemical Co 
United States Rubber Co 


PIPES AND 


IR 
RUBBER PACKING GASKETS 


Hamilton Kent Mfg. Co 
Johns-Manville 
United States Rubber Co 


Re 
RUST PREVENTION 
(Water Treatment) 


Calgon, Ine 
Graver Water Conditioning Co 
Philadelphia Quartz Co. 


R 
SADDLES, 


James BH 


PIPE 

Clow & Sons 
Mfg. Div 
Mueller Co 

Price Bros. Co 


Dresser 


yh 
SAMPLERS 

TABLES 

Builders-Providence, Inc. 

General Laboratory Supply Co 

Infileo, Ine 

F. B. Leopold Ce., Inc. 

Walker Process Equip., Inc 


AND SAMPLING 


R 
SAND EXPANSION INDICATORS 
Builders-Proevidence, Inc. 


Infileo, Ine 
Simplex Valve & Meter Co. 


6R 
SCALES, SLUDGE CONVEYOR 


Builders- Providence, Inc. 
Fairbanks Morse & Co 


SCREENING AND COMMINUTING 


ee Comminuting Devices) 


THIS ISSUE 
SCREENINGS GRINDERS 


(See Grinders) 


227R 
SCREENS, INTAKE 


Chain Beh Co. 

Rodney Hunt Machine Co 
Jeffrey Mie. Co. 
Link-Belt Co. 


228R 
SCREENS, INTAKE 
Electric 


(Electric) 
Fish Screen Co 


29R 
SCREENS, SEWAGE 
American Well Works 
Deorr-Oliver, Inc 
Infileo, Ine 
Jeffrey Mfz. Co. 
Link-Belt Co. 
Walker Process Equip., 


»30OR 
SCREENS, VIBRATING 
Allis-Chalmers Miz. Co 
Gruendier Crusher & 
Co 
Jeffrey Mig. Co. 
Link-Belt Co 


Pulverizer 


SIR 
SCREEN, WATER WELI 
Cook Well Strainer Co 


SCUM 


(See 


REMOVERS 


Clarifiers 


-R 

SEGMENT BLOCKS AND PIPE 
LINER PLATES (Vitrified) 
Nateo Corp. 


National Clay Pipe Mfrs. Asen 


IIR 

SERVICE BOXES 
H. W. Clark Co 
James B. Clow & Sons 
Ford Meter Box Co., In 
Mueller Co 


(Water) 


SEWAGE EJECTORS 


(See Ejectors, Pneumatic) 


ph 

SEWAGE SAMPLERS 
Chicage Pump Co. 
Dezurik Shower Co 
General Laboratory 
Infileo, Ine 
Lakeside Engr. Cort 
Proportioneers, In« 
Walker Process Equip., Inc 


Supply Co 


SEWAGE SLUDGE DRYERS 


(See Drying Systems, Sludge) 


SEWAGE SLUDGE 
INCINERATORS 


(See Incinerator 


R 


SEWER EQUIPMENT 


CLEANING 
AND SERVICE 


Ace Pipe Cleaning, Inc 

Flexible Pipe Cleaning Co 
Flexible Sales 
National Power Redding Corp 


Corp 


SEWER PIPE 
Pipe 


(See Sewer 


GOR 


SEWER Fil‘ JOINTS 
ing Compounds) 


(and Joint 


Hydraulic Development 

Johns-Manville 

National Clay Pipe Mfrs 
Presstite Engineering Co 


Asan 





ALL 


R 
SEWER 
Flexible 


RODS 


Sales Corp 


SK 

SIPHONS (Sewage Dosing) 
American Well Works 
Infileo, Ine 
Pacific Flush Tank Co. 
Price Bros. Co. 


k 

SLEEVES, PIPE REPAIR 

James B. Clow & Sons 

Dresser Mfg. Div 

Eddy Valve Co 

M. & H. Valve & Fittings Co 

Mueller Co 

A. P. Smith Mfg. Co. 


pOR 

SLEEVES, TAPPING (Valve) 
James B. Clow & Sons 
Corey Mfg. Co 
Darling Valve & Mfg. Cx 
Eddy Valve Co 
M. & H. Vaive & Fittings ( 
Mueller C« 
Rensselaer Valve Co 
A. P. Smith Mfg. Co. 


th 
SLUDGE COLLECTORS 
American Well Works 
Bulkley, Dunton Processes 
Chain Belt Co. 
Chiecage Pump Co 
Dorr-Oliver, Ine. 
Genera] Filter Co 
Graver Water Conditioning 
Hardinge (Co., Inc 
Jeffrey Mfg. Co. 
Lakeside Engr. Cory 
Link-Belt Co. 
Walker Process Equip., Inc 


p2R 
SLUDGE DISINTEGRATORS 


Dorr-Oliver, Inc 
Crusher & 


Gruendle Pulverizer 


Ce 
Jeffrey Mfg. Co. 
Royer Foundry & Machine Co 


SLUDGE DRYERS 


=e i ng Systems 


SLUDGE EJECTORS 
Ejector 


See Pneumatic 
SLUDGE GAS ENGINES 
Engines, Sludge Gas 


SLUDGE INCINERATORS 


See i erators 


SLUDGE PUMPS 


ee I ; Sludge 


SLUDGE SAMPLERS 


Jetty If ( 


Walker Process Equip.., 


/ 

SLUDGE VALVES 
ACF Industries, Inc 
American Well Works 
De rik Sh« 
Roberts Filter Mfg. Co 
Rockwell Mfg. Co 
Walker Process Equip., 


(Telescopic) 


wer Lo 


/ 
SODA ASH 


SODIUM BISULPHITE 
General Chemical Div., 
Chemical & Dye Corp 


Allied 


COMPANIES 


LISTED IN BOLD FACE 


j7R 
SODIUM HYPOCHLORITE 


John Wiley Jones Co. 
Pennsylvania Salt Mfg 
Wallace & Tiernan, Inc. 


Co 


48SR 
SODIUM PHOSPHATES 
Calgon, Ine 
General Chemical Div., 
Chemical & Dye Corp. 
Pennsylvania Salt Mfg. Co 


(Glassy) 


Allied 


JOR 
SODIUM SILICATE 
Diamond Alkali Co 
General Chemical Div., 
Chemical & Dye Corp. 
Philadelphia Quartz Co. 


Allied 


SOFTENERS 
(See Water Softening Equipment) 
OR 

SPEED REDUCERS, 
TRANSMISSION 


Allis-Chalmers Mfg. Co. 
De Laval Steam Turbine Co 


Link-Belt Co. 


SPRINKLING FILTER 
EQUIPMENT 
Trickling Filter 


(See Equipment) 


SPRINKLING FILTER 
UNDERDRAINS 


(See Filter Underdrains, Sewage) 
IR 

STACKS 
Hethichem Steel Co. 


R. D. Cole Mfg. Co. 
Pittsburgh-Des Moines Steel Co. 


STANDPIPES 


(See Tanks and Standpipes) 


Re 
STIRRERS (Laberatery) 


General Laboratory Supply Co 
Infileo, Ine 
Phipps & Bird 


Ime 
R 
STOKERS 


Combustion Engineering, Inc. 
Fairbanks Morse & Co 


yk 
STRAINERS—SUCTION 
Blackburn-Smith Mfg. Co., 


Layne & Bowler, Inc 
8S. Morgan Smith Co. 


Inc. 


SULPHATE OF ALUMINA 
Filter Alum) 


(See 


R 
SULPHUR DIOXIDE (Liquid) 
General Chemical Div., 
Chemical & Dye Corp. 

Tennessee Corp. 


Allied 


aR 

SWITCHBOARD AND 
SWITCH GEAR 
Allis-Chalmers Mfg. Co. 
Blackburn-Smith Mfg. Co., Ine. 
Electric Mach. Mfg. Co. 
General Electric Co 
Westinghouse Electric Corp 


R 
TANK LININGS 
Amercoat 
Atlas Mineral Products C« 
Cement Gun Ine 
al Equipment (oe. 
Fire and Rust 


Corp 

to 

Chemical Proofing 
Corp 

(jeneral Filter Co 

Natee Corp. 

United States Rubber Co 


TYPE 


TESTERS 


THICKENERS 


HAVE ADVERTISEMENTS 


SSR 

TANK MAINTENANCE AND 
REPAIR 
Cement Gun Co., Ine 

Murray Brothers 

Nooter Corp. 

Speelmon Elevated Tank Service 


259R 
TANKS AND STANDPIPES 
Bethlehem Steel Co. 
Chicage Bridge & Iron Co. 
R. D. Cole Mfg. Ce. 
Graver Water Conditioning Co 
Hammond Iron Works 
Nooter Corp. 
Pittsburgh-Des Moines Steel Co 


AOR 


TANKS, RUBBER LINED 


American Hard Rubber Co 
Atlas Mineral Products Co 
Chemical Equipment Co. 
Chicage Bridge & Iron Co. 

R. D. Cole Mfg. Ce. 

Graver Water Conditioning Co 
Hammond Iron Works 
Heresite & Chemical Co 
United States Rubber Co 


GIR 


TAPPING MACHINES 


Mueller Co 
A. P. Smith Mfg. Co. 
Welsbach Corp 


eR 


TASTE AND ODOR REMOVAL 


CHEMICALS 


General Chemical Div., 
Chemical & Dye Corp. 

Infileo, Ine 

John Wiley Jones Co. 

Wallace & Tiernan, Inc. 


Allied 


163K 
(Water Meter) 


Ford Meter Box Co., Ine 
Hersey Mfg. Co 


G5R 
(Sludge) 
American Well Works 

Chain Belt Co. 

Dorr-Oliver, Inc 

Graver Water Conditioning Co 
Hardinge Co., Ine. 

Lakeside Engr. Corp 
Link-Belt Co 

Tennessee (orp 

Walker Process Equip., Inc. 
Western Machinery Co 


PIPE 
Tools) 


TOOLS, 


(See Pipe 


85K 
TOOLS, PNEUMATIC 
Worthington Corp 


GGR 


TRACTORS, BULLDOZERS, ET( 


Ce 


Allis-Chaimers Mfg 


Oliver Corp 


OTR 
TRANSFORMERS, ELECTRIC 


Allis-Chalmers Mfg. Ca. 
General Electric Co 
Westinghouse Electric Cor, 


RR 
TRAPS, DRIP, FLAME, 
SEDIMENT, STEAM 

Crane Co 

General Electric Co 
Neptune Meter Co 
Pacific Flush Tank Co 


GOR 
TRENCHING EQUIPMENT 


Bucyrus-Erie 


W.&S.W 


IN THIS 


ISSUE 


R-9 


270R 

TRICKLING FILTER EQUIPMENT 
American Well Works 
Bulkley, Dunton Processes 
Derr-Oliver, Ine. 
General Filter Co 
Infileo, Ine 
Lakeside Engr 
Nateo Corp 
Pacific Flush Tank Co. 
Smith & Loveless, Inc. 
Walker Process Equip., Inc. 
Yeomans Bros. Co. 


Corp 


TRICKLING FILTER 
UNDERDRAINS 


(See Filter Underdrains) 
7TIR 
TURBIDIMETERS 


General Electric Co 
Infileo, Ine 
Klett Mfe. Co 


72R 
TURBINES, HYDRAULK 


Allis-Chalmers Mfg. Co. 
Rodney Hunt Machine Co 


73R 

TURBINES, STEAM 
Allis-Chalmers Mfg. Co 
De Laval Steam Turbine Co 
General Electric Co 
Westinghouse Electric 
Worthington Corp. 


T4R 
VACUUM FILTERS 
Chiecage Bridge & Iron Co. 
Dorr-Oliver, Ine 
Komline-Sanderson Engineering 
Corp. 


TER 
VALVE BOXES 
Alabama Pipe Co 
James B. Clow & Son 
Dezurik Shower Co 
Eddy Valve Co 
Filtration Equipment Corp 
Ford Meter Box Co., Ine 
lowa Valve Co 
Ludiow Valve Mfg 
Mueller Co 
Rensselaer Valve Co 
A. P. Smith Mfg. Co 
R. D. Wood Co 


Co., Ine 


TOR 

VALVE BOX LOCATORS 
Joseph G. Pollard Ce., Ine 

R 

VALVE INSERTING MACHINES 
Mueller Co 
A. P. Smith Mfg. Co 

VALVE OPERATOR 
(See Gate Valve Operator) 
TAR 

VALVE VAULT COVERS 
E. H. Wachs Co 


ii? 

VALVES, AIR RELEASE AND 
VACUUM BREAKING 
Darling Valve & Mfg 
Eddy Valve Co 
Foster Engineering Co 
Ludiow Valve Mfg. Ce., 
Rensselaer Valve Co 
Simplex Valve & Meter Co. 


Co 


Inc 


BOR 
VALVES, ALTITUDE 
Chapman Valve Mfg. Co 
Poster Engineering Co 
Henry Pratt Co 
8. Morgan Smith Co 


O2R 

VENTURI TUBES 
Hailey Meter Co 
Builders-Providence 
Foxboro Co 
Infileo, Ime 
Simplex Valve & Meter Co 


Ine 
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v 


y 


“Ww 


“ 


“w 


“ 


‘ 


W 


IBRATING SCREENS (Liquid) 


Link Belt Co 


ITRIPIED CLAY PIPE AND 
PRODUCTS 
Natco Corp 


ASTER GAS BURNERS 
Pacific Fiash Tank Co 


ANALYSIS EQUIPMENT 


REAGENTS 


ATER 
AND 


ATER LEAK, LOCATING 


INSTRUMENTS 


Joseph G. Pollard Ca., Ine 


ATER LEVEL CONTRO! 


Hailey Meter Co 
Huilders-Preovidence, Ine 
Fischer & Porter Co 
Foster Engineering Co 


Simplex Valve & Meter Co 
Smith & Loveless, Ine 


ATER LEVEL RECORDERS 


Hailey Meter Co 
Hullders-Providence, Ine 
Piecher & Porter Co 
Foster Engineering Co 
j ‘ 


Fleetrie ¢ 


Hor ‘ K 
Simplex Valve & Meter Coe 
( ne 


j 


ATER MAIN 
' e lent w, in 


Vile e Cleaning ¢ 


CLEANING 


National Water Main Cleaning Co 
' ; ‘ on ‘ 


ATERPROOPING PAINTS 
COMPOUNDS AND MATERIALS 
\ M ‘ Product cx 
Johna«-Manville 
Koppe ‘ I 
1 wiM ell ( 
Pittsburgh Paint & Chemical Co 
re Pong ee w (x 

) \A Produ Ir 
ATER SOFTENING CHEMICALS 
AND COMPOUNDS 


ATER SOPTENING EQUIPMENT 


Allie-t halmerae Mfe. Co 
\ Ww ‘ fltene 
American Well Works 

Chemical Equipment Co 
Dorr-tliver, Ine 
‘ ; ‘ 


Ww 


I e Be 
I ea&t 
Permatit Co 
Roberts Pilter 
Stuart ( orp 


Watker 


Mire. Co 


Equip. Inc 


ATER SUPPLY CONTRACTORS 


{ 


&58.W REFERENCE & 


DATA 


LISTED IN BOLD FACE 


/ 
WATER TREATMENT FOR SCALE 


AND CORROSION 
Allie Chalmers Mfg. Co 


Water Softener C« 


Works 


American Well 

Calgon, Ine 

(Chemical Equipment (o 

Filter Ce 

Water Conditioning Co 

nfiles Ime 

John Wiley Jones Co 

Engr 

Permutit Co 
Chemical Pum, 


(,enera 


Lakenide Cort 


yneers, | 


WEED KILLERS 
jiamond Alka ( 
General Chemical Div 
Chemical & Dye Cor 


ers Company, Ine 


Allied 


/ 
WELL CLEANING CHEMICALS 


wor 


WELLS, COMPLETE 


Layne & Bt 
Kat Method Wate 


wier 


WRAPPING, PIPE 
ee Pipe, Wr 


j 


ZEOLITE AND ZEOLITE 
SOFTENERS 
Allie-Chaimers Mfg. Co 
American Water 
Chemical Equipment Co 
(ener Filter (x 
re Wate Cor 
I co, Ine 
Lakeside Er 
Permutit Co 
Roberts Filter 


Softene 


r. Cort 


Mfe. Co 
ALVES, BUTTERFLY 

Allis-Chalmers Mfg. Co 
Huilders-Providence, Ine 
Chapman Valve Mfg. ¢ 
Foster Engineering Co 

Foxboro Co 


Ladiow Valve Mfg. Co., Ine 


Minneapolis-Honeywel!l Regulator: 


Hen: Pratt Ce 

8. Morgan Smith Co 
Westinghouse Electric Cor 
Werthington Corp 


R 
ALVES, CHECK 
ACF Industries, 
Chapman | 
James B 

Crane Co 
Darling c 
Eddy Valvy 

Grinnell Company 

Hersey Mfe. Co 

lowa Valve Co 

Jeffrey Mfg. Co 

M. & H. Vaive & Pittings Co 
Mueller Co 

Rensselaer Valve Co 

A. P. Smith Mfg. Co 

8. Mergan Smith Co. 


/ 
VALVES, CHLORINE 
Chemical Equipment (Co 


to 
Fischer & Porter Co 
yk 
VALVES, CONE 


Chapman Valve Mfg. ¢ 
8. Morgan Smith Co 


VALVES, DIAPHRAGM 
Hailey Meter Co 


‘ are ‘ " 
D> ing Valve & Mfg. « 
Piecher & Porter Co 
Foster Engineering Co 
} shore Cx 

srinne Company 
Minneapolis-Honeywell Res 

( 

S. Mergan Smith Ce 


TYPE 


HAVE ADVERTISEMENTS IN 


ALVES, ELECTRICALLY 
OrEKATED 


See V ‘ Mot Operated 


ALVES, FLAP 

Chapman Valve Mfg. Co 
James BK. Clow & Sons 
Rodney Hunt Machine Co 
lowa Valve Cx 

Ladiow Valve Mfg. Ce., Ine 
M. & H. Valve & Pittings Co. 
Mueller Ce 


R 


ALVES, FLOAT 


Foster Engineering Co 
Lakeside Engr. Cory 

Ladiow Valve Mfg. Cea., Inc 
Her I tt Ce 


4aR 


ALVES, FOOT 

Chapman Valve Mfg. ¢ 

‘ ane ‘ 

kidd Valve Co 

Rodney Hunt Machine Co 
Ludiow Valve Mfg. Ce., Inc 


R 
ALVES 
| ane te 
Dezurih 
Homestead 

Infile« Ine 

FP. B. Leopold Ce., Ine. 
Ladiow Valve Mfe«. Co., Ine 
Re we Mie. Co 


. 
FOUR WAY 


R 
ALVES, GATE 

Chapma Valve Mfw. Cx 
Jame B. Clo & Son 
(Crane ts 
Darlir Valve 
Eddy Valve C« 
Filer & Stowell Co 

Fischer & Porter Co 

Rodney Hunt Machine C« 
lowa Valve Co 

Jeffrey Mfg. Co 

Ladiow Valve Mfg. Ce., Inc 
M. & H. Valve & Pittings Co 
Mueller Co 

Rensselaer Valve Co 

A. P. Smith Mfg. Co 
Westinghouse Electric Cor; 
KR. D. Wood Co 
Worthington Corp 


& Mfg. Co 


rie 

ALVES, HYDRAULIC 
OPERATED 
Builders-Providence, Inc. 
Chapman Valve Mfg. Co 
BK. Clow & Sons 


CYLINDER 


James 
Crane 
Darling Valve & Mfg. Co 
Desurik Shower Co 

Eddy Valve Co 

Filer & Stowell Co 

Grinnell Company 
Homestead Valve Mf i 
Rodney Hunt Machine Co 
lowa Valve Cs 

Ladiow Vaive Mfg. Co., Ine 
M. & H. Vaive & Pittings Co 
Henry Pratt Co 

Rensselaer Valve Co 
Rockwell Mfg. Co 

A. P. Smith Mfg. Co. 

S. Morgan Smith Co 


eR 
ALVES, LUBRICATED PLUG 
ACF Industries, Ine. 
Homestead Valve Mfg. Co 

Rock we Mf. Co 


R 
ALVES, MECHANICAL JOINT 
James BK. Clow & Sons 

(rane (x 

Darling Valve & Mfg. Co 
Desurik Shower Co 

Fuldy Valve Co 

lowa Valve Co 

Ladiow Valve Mfg. Ce., Ine. 
M. & H. Valve & Pittings Co. 
Mueller Co 

Henry Pratt Co 

Rensselaer Valve Co. 

Rock we v Co 


4. PF. Smith Mfg. Ce 


rHIs 


ISSUE 


4K 
VALVES, MOTOR OPERATED 


ACF Industries, Inc. 
Chapman Valve Mfg. C« 
James B. Clow & Sor 
Crane (Cx 
Darling Valve & Mfg. ¢ 
Dezurik Shower C« 
Eddy Valve Co 
Filer & Stowell Co. 
Fischer & Porter Co. 
Homestead Valve Mf 
Rodney Hunt Machir 
Infileo, Ime 
lowa Valve C« 
Ladiow Valve Mfg. Co., Ine 
M. & H. Valve & Pittings Co 
Minneapolis-Honey we Regulator 
Co 
Mueller Co 
Payne Dean & (:« 
Permutit Co 
Henry Pratt Cs 
Rensselaer Valve Co 
Rockwell Mfg. ¢ 
A. P. Smith Mfg. Co 
S. Morgan Smith Co 
Westinghouse Ele 
R 
ALVES, MUD AND PLUG 
ACF Industries, Inc 
Chapman Valve Mf 
James B 
Dezurik Shower ( 
Eddy Valve Co 
Filer & Stowell Co 
Homestead Valve Mf 
Rodwey Hunt Ms 
lowa Valve Co 
Ludlow Valve Mfg. Co., Ine 
M. & HH. Valve & Pittings Co 
Mueller Ce« 
Roberts Filter Mfg. Ca 


Clow & 5 


R 
‘LVES, PRESSURE REDUCING 
Bailey Meter Co 
(rane Co 
Fischer & Porter Co 
Foster Engineering Co 
Mueller Co 
8. Morgan Smith Co 
R 
ALVES, RELIEF 
B. Clow @& § 
Crane (x 
Darling Valve & Mf ( 
Foster Engineering (0. 
Mueller Co 
Simplex Valve & Meter Co 
8. Morgan Smith Co. 


Jame 


IRR 


ALVES 
Lead) 


American Hard Rubber C¢ 
Atlas Mineral Producta Cs 
Chemical Equipment Co 
Crane Co 

Darling Valve & Mfe. C« 
Dezurik Shower Co 
Grinnell Company 

S. Morgan Smith Co 


OR 
ALVES, SPECIAL, AUTOMATIC 
(Including Remote Control) 
ACF Industries, Inc 
American Water Softener 
Bailey Meter Co. 
Darling Valve & Mf 
Eddy Valve Co 
Fischer & Porter Co 
Foster Engineering (Co 
Foxberoe C« 
Grinnell Company 
Rodney Hunt Ma 
Infileo, Ine 
Minneapolis-Hone 
Co 
Permutit Co 
Rockwell Mfe. Cs 
8. Morgan Smith Co 
Walker Process Equip., Inc 


(Rubber, Plastic, Glass or 


R 
ALVES, WATER METER 
SPECIAL 

Ford Meter Box ¢ 

Hersey Mfg. ( 

Mueller Co 

S. Mergan Smith Co 
Meter ({ ’ 


Spa ing 
IR 
ARIABLE SPEED 
TRANSMISSIONS 
Allis-Chalmers Mfg. Co 
Electric Machinery Mig. Co 
t S. Electrical Mot Ine 
Worthington Corp 





Al COMPANIES LISTED IN BOLD FACE TYPE HAVE ADVERTISEMENTS IN THIS ISSUI 


DIRECTORY OF MANUFACTURERS 


Listed in Classified Index of Products 


slgor 
Hagan Bidg 
Pitt burgt 
srborundur 


Pert? 


we 
East Becher 


waukee, VW 


ation Equipment 


yele 


1 Meter Box 
Wabash, Ind 


ffrey Mfa 
ter Engineering 96 N 
835 Lenigh Ave ( immbi 
nion, N. } 


ntinental Stee 


Mar 
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REFERENCE 


COMPANIES 


& 


LISTED IN BOLD FACE 


Nooter Corporatior 
480 South Second St 


St. Louis 4, Mo 


Norton C 
Worcester 6, Ma 


° 


Olin Matineson Chemica 
indus. Chem. Div 
Mathieson Bidg 
Baltimore 3, Md 

The Oliver Corp. Industrial ( 
400 W. Madisor 
Chicago ¢ i 


Imega Mac hine ¢ 
345 Harris Ave 
Providence, R. | 


P 


Flush Tank 
4| Ravensw« 
Chicago 13, I 


Pacif mpany 


d Ave 


ayne Dean G Ce 

( ntor Corw 

Salt Mfg 

100 Widner Bidg 
Philadeiptua 7, Pa 


Peerless Purp Div 
West Ave 
Los Angeles 3 


utit Ce 
West 42r 
New York, N.Y 


Perry 


Philadeiphia Quartz Compa 
Public Ledger Bidg 
Philadelphia 6, Pa 


Phipps G Bird ¢ 
P.O. Box 


Richmond 


mpany 


Pittsburgh Coke G 
Grant Bidg 
Pittsburgh, Pa 

Pittsburgh-Des Moines Steel ¢ 
418 Neville Island 

Pittsburgh, Pa 


>. Pollard ¢ r 
Park, ? 


New Hyce 
i Cement A 


Grand Ave 


ecision Machine 
8 Walnut St 
Somerville, Ma 


Prescott Tool ¢ 
x 7 Greendale Brar 
rcester Mas 
tite Engr. ¢ 
198 Chouteau Ave 
wis 10. M 


others 
East Mor 
ir 


ument Ave 


Ranney Meth 
ire 


84! Alto 


DATA 1955 


TYPE 


HAVE ADVERTISEMENTS IN 


Reliance Chemicals Corp 
P. O. Box 67 
Houstor Texas 

Rensselaer Vaive Co 
Troy, N. ¥ 


Roberts Filter Mfg. Co 
607 Columbia Ave 
Darby, Pa 


Robinson Pipe Cleaner Co 
Box 300 
Canonsburg, Pa 


Rockwell Mfg. Co 
400 N. Lexington Ave 
Pittsburgh, Pa 


Rodney Hunt Machine Co 
Orange, Mass 

Roots-Conriersville Blower Div 
900 West Mount St 
Connersville, ind 


Royer Foundry G Machine C 
58 Pringle St 
Kingston, Pa 


Vaive G Meter C 


East Or ar ge St 
Lancaster, Pa 


Simplex 


Skinner Cx 
2 W. Sample St 
South Bend, Ind 


MB 


P. Smith Mtg ¢ 
45 N.A jtor 
East Orange, N. | 


Ave 


Morgar 
0 Linc 
York, Pa 


Smith G | 
3427 Br 
Meriam 


yveless 
adway 
Kansas 


Solvent Services, in« 
42? Latimore St 


Oma 


Painesville 


Sparling Meter Co 
345 No. Main St 
Los Angeles, Calif 


Speelmon Elevated Tank Service 
822 N. Court St 
Rockford, I! 


tar 


ai Motors 
ausen Ave 
yeles 54, Calif 
G Foundry 
rst Ave. Nort? 
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U. S. Rubber Co 
230 6th Ave 
New York, N. Y 


Universal Concrete Pipe C« 
297 South High St 
Columbus, Oho 


E. H. Wachs Co 
25 N. Dayton St 
Chicago 22, II! 


Walker Process Equipment Ir 


840 N. Russel! Ave 
Aurora, til 


Wallace G Tiernan 
Mill Road 
Belleville 


Washington Aluminum Co 
Knecht Ave 
Railroad 
Baltimore 29, Md 
Weinman Pump Mfg. C 
286 Spruce St 
Columbus, Oh 


Welsbach Cort 
00 Walnut St 
Philadelphia 2, Pa 


Western Machinery C« 
760 Foisom St 
San Francisco 7, Calif 


Westinghouse Electric Cort 
Gateway Center 
401 Liberty Ave 
Pittsburgh 30, Pa 


West Virginia Pulp and Pape 
industrial Chemical Sale 
230 Park Ave 
New York, N.Y 


john Wiley G Sons, Ir 
440 Fourth Ave 
New York 16, N. Y 


Wilkinson Products C 
3987 Chevy Chase Dr 
Pasadena 3, Calif 


A. Reed Wilson C 
1320 McGee St 
Kansas City 6,M 


R. D. Wood Company 
Public Ledger Bidg 
Philadelphia 5, Pa 


Woodward lron Company 
Woodward, Ala 


Worthington Corr 
40! Worthingt 
Harrison, N. } 

Worthington Gam 
Worthingtor 

6 South St 

Newark N. } 


Yardley Plast 
42 Parsons Ave 
Columbus, OF 


Inc 


and Pennsylvania 


Div 





Il. INTRODUCTORY COMMENT 
Water and Sewage Works Practices 


M's IDERN development of both 
i water and sewage treatment be 
gan about 1850 and progressed rapidly 
only after the understanding of the 
germ theory of disease and the role of 

Although 
sewage de 


as a disease carrier 
treatment of water and 
veloped somewhat independently, the 


water 


two are so related as to be one field 
of study 

lhe oneness of water and sewage 
treatment exists for several reasons 
(1) Both deal with important phases 
of public health. (2) Both deal with 
the same liquid, subject to the same 
hydraulic laws. (3) Both employ cer 
tain fundamental physical and chem 


(4) Both 


removal of 


ical processes of treatment 
are concerned with the 
undesirable matter from the liquid 
Both are community 


and in the realm of public service. (6) 


(5) problems 
Both, being municipal functions, are 
frequently subject to the same man 
agement, (7) Sewage is the used wa 
ter supply of a community 

Where an individual is 
in only water, he will find it not amiss 


interested 


to be acquainted with sewage treat 
and This imtroduc 
tion to the whole field is intended to 
set the scene for a basic appreciation 


ment vice versa 


of the technical articles and discus 
sions which appear in the Reference 
and Data Edition of Water & SEw 
AGE Works, as well as other publi 


cations 


Big Business—Broad Field 


Water supply is the largest tonnage 
business in the world and sewage treat 
ment probably is next in size as an 
industry. It is not size alone but also 
complexity of operations in both water 
which establishes 


and works 


need for management and supervi 


sewage 


problems of man 
a superintend 


Among the 
with which 
ent, engineer, or operator must con 
tend financing, structures, 
office operations, public relations and 


ston 
agement, 
are rate 


policies, legal problems, and safety 
In addition to a knowledge of man 


agement, Operators or supervisors of 


water and sewage plants need to know 


some fundamentals of mathematics, 


hydraulics, design, construction, chem 
istry, biology, and bacteriology. No 
field of requires a 


other endeavor 


by GEORGE E. SYMONS, Ph.D. 


Consultant & Technical Editor, Larchmont, N. Y 


working knowledge of so many dif 
ferent technical and scientific helds 


Functional Operations 


Chere are certain operations which 
are basically functional to both water 
and sewage works operations. These 
include pumping, flow measurement, 
instrumentation and control, chemical 
handling and feeding, coagulation and 
sedimentation, corrosion, laboratory 
control and maintenance 

Pumping is a most important oper 
ation common to both water and sew 
lhe type of pump, its 
suction 


age handling 
and 
discharge 


capacity characteristics, 
lift, 


quired, controls, ete 


pressure, power! re 
depend on the 
service to which a pump is to be put 

Pumps for transferring water from 
purihcation 
at a low 
discharge pressure and are known as 
“low pumps.” Pumps which 
discharge to distribution systems at 


a surface 
plant nearby, usually operate 


supply to a 


service 
relatively high pressures are known 
as “high service pumps ” "Today, elec 
trically driven centrifugal pumps are 
used almost exclusively 

Sewage generally flows by gravity 
to point of discharge. In some cases 
where this is not possible, pumps are 
used to elevate the sewage as high as 
necessary to allow for ultimate dis 
posal by gravity flow. Pumps are used 
pumping both 
sewage and sludge and at lift stations 


at sewage works for 
on sewer systems. Sewage pumps dif 
fer from water pumps in that they 
usually have low discharge pressures, 
and construction is such as to permit 
passage of relatively large objects 
Flow measurement and instrumen 
tation are essential functions in both 
water and sewage works operations 
In water works, one of the most im 
portant factors is a knowledge and 
record of the amount of water pumped 
or treated. Flow mieasuring 
through mstruments, also indicate the 
rate in gal. per min. or total the flow 
over the period of operation, or give 
an inked record of the rate of flow 
These measuring devices also can be 
used to control, operate, or pace other 
equipment feeders 
For water works, instruments are 
available to indicate or record level 


devices, 


such as chemical 


changes in reservoirs, 
changes in distribution systems, 
of head in filters, and other phases 
of operation Controls are availabl 
for rate of flow in filters, rate of flow 
in distribution systems, pump opera 
tion, chemical feeder operation and 
filter washing and even pump opera 
tion at distant well fields or at boost 


pressure 


loss 


er stations 

In a sewage plant, flow measure- 
both sewage and 
highly desirable. One cannot operate 
a sewage works properly without a 


ment of sludge is 


knowledge of the volumes being 
handled and treated. For the 


parts both the metering devices and 


most 


the instruments are the same as those 
used in water plants with slight modi 


hieations 


WATER WORKS PRACTICE 


The study of water supply begins 
with the hydrologic cycle. This is an 
unending natural phenomenon, Under 
the influence of the sun’s heat, water 
salt free, from 


ervoirs, is borne by the winds, 


the ocean res 
and 1s 


rises, 


precipitated onto the land from which 
it returns to the sea in various ways 


Source of Supply 


Some water percolate into the 
earth. Most of this water passes again 
to the atmosphere by the process of 
transpiration through the foliage of 
That which 


aquifers below the surface of the 


vegetation collects in 
ground is known as “ground water 
Most of the precipitated water run 
off the earth’s surtace and collects in 
streams, rivers, ponds, and lakes and 
is known as “surface watet 
Both ground 
waters are used as a source of supply 


shal 
galleries, o 


water and surtace 
Underground supplies may be 
infiltration 
Surface supplies may be 


low wells, 
deep wells 


rivers, impounded reservoirs, or lakes 


Distribution 


The distribution net- 
work of pipes with appurtenances for 
transporting water from the source of 
supply or purification plant to the 
customer's tap. The distribution sys 
consists of transmission 


system 18 a 


tem mains 
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minor distributors 
ze, plus val hy 


connect 


pacity ind ayout ol 
tem with ind without 
ider many tactor 


flow 


the com 


Con 
nre needs, 

ition in 
requirements, tu 
ind growth tactors 
nity. (Operation of a 
Laying 
flow 


tem involve 


aintenance ot and 


Olt carrying capacity, 


corrTro clean 


ce of 


main 
and hy 
tapping 
tallation, and 


ton, 
valve 


eT VICE 


Treatment 


is obtained from natural 
domesti 
t must treat 


it acce ptable Mo t com 


uitable for 


receive 


nt it Surtace waters 15S 


of suspended matter 


und bacteria, If the water 


riricle tics 


irable characteri 


taste and odors or is 
treatment proces 
ome special opera 
are usually clear 
te odors, and 


littl 


vaters 


treatment 
ma be too 
ind industrial use 
ve or contain unde 
ron, manvanese or 
Lhe 


remo ed 


tituent 


extent of any treat 

upply 
h the water 
ind and 


iter depends 


whi 18 to 


character ot 


from the standpoint 


the most important 


removal of bacteria 
ic quality of the water 
mportant to the cot 
al proce { aa 


iter purit i 


Coagulation and Sedimentation 


matter or turbidity re 


che mical 


plished by 


llowed b edimenta 


ition con ts of the addi 
all amounts of certain chem 
the 


form fluffy particles, called 


which react in 


ounds 


grow im size by coales 


orption of turbidity and 


the surface 


articles on 
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When these 
der fairly quiescent conditions, they 
tend to “sweep out” undesirable par 
ticles of turbidity and bacteria 


heavy flocs settle out un 


In coagulation it 1s nec essary to add 
the coagulating chemicals in controlled 
For this purpose, chemical 


are usea 


amount 


feeders 


Filtration 


Following coagulation and _ sedi 
mentation for a period of some hours, 
the treated water is fairly clear, but 
it still contains small amounts of im 
Therefore the water 1s 
passed through sand filters, 
any remaining floc, turbidity particles 


When the 


with 


puriti 
where 
and bacteria are removed 
hilter 
these impurities, 
through 


tends to | 


eCcome clogged 
water will not 
the filter, and the 
filters must be washed free of the 
dirt” that collected, Operation 
of filters at the proper rates and the 
washing at proper times can be con 
trolled automatic 


control cle vices 


pass 


freely 


' 
nas 


manually or by 


Tastes and Odors 


Tastes and odors in water do not 
make it harmful for human consump 
but want 


water with any tastes, odor or color 


tion lew water consumers 


Removal of these undesirables is im 
portant, particularly in surface wat 
and odors may be caused 
of algae or decay of veg 
ervoirs, or by industrial 


ers lastes 
by growth 
etation in re 
Algae treatment may be two 


tate 


wastes 


pronged 
ot reservoirs 


Copper su treatment 
to kill algae growth and 
treatment to re 


prevent tastes and 


move taste and od ; mm water 
may be accomplished 
the addition of finely di 
adsorbent activated car 


al d odor pro 


lreatment 
either by 
vided highly 


bon to remove the taste 


ducing compounds, or by adding chlo 


rine or chlorine dioxide to react 


chemically and destroy the taste and 


odor compounds 


Color, like tastes and odors, 


1S also 


undesirable in water. It is usually 
le iching of organ 


ites It is 


‘ used by vey 


ible 


re moved to 


matter on reservoir 


some extent by coagula 


and filtration, or by activated 


1 
chiorination 


ton, 


carbon and sometimes bi 
Disinfection 


sponsibility of a 


water utility Is to supply its custom 


Che primary re 
ers with potable water and the pri 


mary requisite of potable water is 
that it be free from disease producing 
bacteria Although coagulation, sedi 
mentation and filtration remove prac 
tically all bacteria, it is the process of 
that the job 


disinfection completes 


aud the safety of a water 
supply. 

Chlorination is the 
method of disinfection, 
ozone, and ultraviolet light have been 
used in a few particularly 
in Europe. In this country, the term 
disinfection” 
able with the term 

There are practically no 
waters supplies that are not 
nated and many well supplies are 
chlorinated as a precautionary meas 
ure. In the larger plants, chlorine is 
added to water as a gas dissolved in 
water, Chlorine gas feeders are used 
for this purpose to control the dosage 
and at the same time assure against 
possible leakage of the gas In small 
plants, disinfection may be accom 
plished by feeding solutions of cal 
cium hypochlorite. This 
usually called hypochlorination to dis 
tinguish it from chlorination with 
chlorine gas. 

The process of chlorination has a 


insures 
most common 
although 


instances, 


is almost interchange 
‘chlorination.” 

surface 
chlori 


process 18 


terminology of its own relating to the 
point of application, method of con- 
trol, and kind of residual existing 
after the process 1S complete. The 
method of action of chlorine, extent 
of kill, effect of chlorine on viruses, 
bacteria, and the prevention 
of aftergrowth in mains, and the dis 
infection of mains are all im 
portant phases of the process 


spore Ss, 


new 


Fluoridation 


In 1945, two experimental instal 
lations were made for the addition of 
1.0 ppm of fluoride ion to community 
water supplies as a means of reducing 
tooth the j 
these installations to study 
of artificially fluoridated 
plies on the incidence of dental caries 
in children. Previous studies on resi 
dents of communities using water 
fluor- 


decay It was purpose ol 
the effect 


water sup 


containing naturally 
ides in amounts of about 1 ppm had 
that drinking such 
waters had far than 
whose upplies con 


occurring 
shown persons 
less tooth decay 
per sons water 
tained no fluorides 

Results at 
tions were successful in the 


installa- 
hirst 
vears and it was indicated that tooth 
children drinking §artifi- 
fluoridated water decreased by 
17 to OO per cent. Endorsement of 
the idea of fluoridation by the Amer 
Dental Assn., The Amer. Medical 
Assn., and the | S. Pub. Health 
Service, among led to many 
other installations ' 

Chemicals used are sodium fluoride, 
hydrofluosilic 
added to the 
controlled chemi- 


exper! imental 
few 


aecay in 
cially 


other 5S, 


sodium silico-fluoride, 
acid: the 
water by 


chemical is 
carefully 


cal feeders. A maximum of 1.2 ppm 





somewhat less 


r months 


Softening 


W her contains relatively 
calcium and 


h bicatr 


arge amoul ol mag- 


combination wit 
loride or sulfate, that water 
i “hard.” It will 
curds with soap, will produce unde 
sirable “rings around the bathtub,”’ 
1¢ quantities of soap with 


nesium 

1 ' 

ponate, « 
‘ ] 


1s sald oO ce 


make 


will consun 
out formi 
nd sludge when boiled or con 


All of 


are undesi1 ible in both home and in 


ng suds, and will deposit 


‘ ; 


verted to steam these effects 
industry 

lo overcome these objectional fea 
ter is softened in two ways 
lime and 
the 


material 


tures VM 
By tl ldition ol 
or by 


lume (or 


passing water 
Ot 10n-ex¢ hange 

ime or lime soda process, the 
calcium and magnesium are 
by precipit 
ind 
by sedimentation and filtration 
1on-exchal! process, the 


has the 
ions in exchange fot 


removed 
ition as calcium carbonate 
followed 
In the 
1On-exX 


magnesium hydroxide, 


ability to 


magnesium ions thus 
sott as tar as 
his does 

total concentration of 
water. If 


‘ cle sired, several combi 


vate! soap 


is concerned 
reduced chemi 


materials 
that 
be practically completely 


s. This 


mineralization 


on-exchange 
sed with the result 


proce ‘> 


Iron and Manganese 


localities round water 
m of ferrou 
ices may 


When pres 


also 


1 
greater than 0.2 ppm. 


i cause rust 


mxtures and 
indered goods 
are worse hte ! 


dissolved 


corrosive 


' 
Iron 


isu 
a COarTs 
1 
as coKe, where 


Combinations 
and sotten 


small con 
black stains on 
on household 
water contain 
so found in sur 


from reservoirs, 
ni contains man 


egetation on the 


reservoir bottom to decay and 
duce organic and 
Manganese may be 
water supplies by a combination of 
raising the pH and aerating, OTF by 
chlorination and filtration or by coag 


ulating with ferri 


pro 
acids 
from 


cal bon 
removed 


salts 


Corrosion Control 


One plaguing water 
treatment 
in distribution 


amounts of carbon dioxide or 


problem in 
is the control of corrosion 
Even small 
other 
substances which will lower the pH 
will be sufficient to 
there is suth 
buffering alkalinity 


action, in 


systems 


below neutral, 


cause corrosion if not 
amount ol 


present. [Electrochemical 


cient 


volving oxygen as a hydrogen a 


ceptor is a common cause oO! corro 


sion, as is galvanic action between 
two points of dissimilar metal 
tent in a pipe. Pitting and tubercula 
tion are two undesirable 
both reduce the carrying capacity of 
red 


result 


con 
results since 


the pipe, water also is an unde 
sirable 

lreatment for 
includes neutralization and pH con 


trol in the case of acidic 


corrosion control 
waters or the 
the 
glassy phosphates (sodium hexamet 


addition of small amounts of 
aphosphate ) to pre vent corrosion by 
the deposition of a layer of protective 
phosphate on the pipe surface. Car 
removed by 


bon dioxide can be aera 


tion. The deposition of a microscopic 
laver ot pipe, 


either water 


calcium carbonate on 
the 


reactions ofr by 


undet influence of 


softening cathodi 
protection will likewise minimize cor 


rosion 


Laboratory Control 


without 
The ex 


size of 


should be 
facilities 


No water work 
laboratory 
treatment 
the plant usually dictates the size of 
the frequen v of test 
ing, and the number and complexit 
of the te 


sone 


tent of water ind 


the laborator y, 


xts to be mack 
have 
the 
amount and type of chlorine residual 
Surface supplies, 
ploy coagulation, filtration, and dis 
will 
including 
chlorination, and bac teriologi al tests 
Water 


other 


should 
for determining 


( hlorinated 
equipment 


supplies 


wate! which em 
laborate 


tests oT 


infection need more 


testing, control 
on both raw and filtered water 
softening plants will 


tests. Most 
also determine turbidity 


require 


surface water supplies 


and all alin 
ity and tastes and odors. Reservoirs 
troubled with alge sometimes require 
tests for control 


rin roscopic pul 


poses 


Maintenance 


Maintenance is a term applied to 


R-15 


keeping equipment in good operating 
condition and repairing 
No properly run water works should 
without a preventive 
maintenance program, with 
lubrication, inspection of movable 
items 


br eakdow ns 


be operated 
regulat 
mechanisms, replacement of 
subject to wear, 
ing, and regular checks of valves, 
Preventive 


painting, main clean 
and 
mainte 


service meters 


nance can avoid costly shutdowns 


SEWAGE WORKS PRACTICE 


While the distribution system of a 
utility water under 
pressure to the consumer through a 
network of pipes and the 
sewer system collects the same water 
atter use, mm a network of 
lines The dirty in the 
is not under pressure and flows by 


wate! carmes 


valves, 


scwel 
wate! sewers 
gravity to the final point of disposal 
lines do not contain 
valves, but 
tervals to admit men and equipment 
\s has been pointed 
pumping, flow meas 
urement and instrumentation and con 
important functional 


Sewer! any 


do have manholes at in 


for cleaning 
out previously, 
trol are opera 


tions in sewayt works 


Treatment 


he purpose of treatment 
to protect public health and to pre 


sc W Apt 


vent nuisance conditions in the receiv 
ing body of water All 
hodies have a limited ability 


receiving 
for carry 
within 
and disposal by dilution 


When 


is nece 


ing on treatment oOo! sewage 
hemsel ve 
depends entirely on that ability 
that capacity 1s overtaxed, it 
ary to build 
1 he 
lor ewage treatment will depend on 
vhich thi natural ca 


utilized and considera 


ewavge treatment plant ; 


choice of processe and method 


the extent to 
pacit can be 


tion must also be given to the of 


the receiving waters 


Primar 


removal of 


freatment consist of the 


olid particles from \ 


age hy pl ical or mechanical mean 


JS screening 
| 


ang 


grit removal, grease 


removal edimentation, Import 


tant aids to primary treatment oper 
ations include chemical precipitation 
flocculation, removal of finely divided 
aeration and vacuum flota 
and the grease 


fine particles by air flotation 


' 
sO ids by 


tion, removal of and 


Secondary treatment is an oxida 


tion or a wet burning process for the 


removal and stabilization of finely 


divided solids and colloidal matter of 


dissolved organic matter by means of 


activity of living organ 
and the 
the 
methods for 


filter 
sludge process are 
ind bn st 


tri kling acti 


ated funda 


mental known 
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ccomph ning econdary treatment 


| 
here are eveTa aids to 


important 


econdat treatment which improve 


the of operation of trickling 


activ lrickling 


etticiem 


hilter or ated sludge 
filter operation aids include, pre-aera 
filter effluent 


chlorination, alter 


tion recirculation of 


roughing filter 


' ' 
it louble filtration 


ited ludge operations and 


may be improved in several 
Dre 
idding ol 


end of an 


aeration ; tapere d aeration 


air in larger amounts 
tank 
tank 
dis 


along an 


acration 
the 
oxidized 


umounts along 


ré heconne 


i} 


put ot 


anne! 


tributed 1 sewayt 


wratiot while the air 


input 


constant | igh rate activation: 


vwidition of chemical particu 


in ier alt 


ontac weration 1 a proc where 


ed over surfaces on 


growths de 1Op 
ed through the 
all proprietary or 
itment processes are some 
basin proce ( ol edi 


| either trickling filtra 


ateqd lucdge 


the «de 
produc ny or 


truction oft 
ci cin 
which 


nat terilizatior 


rete killing of all bacteria 


iological organisms, Dts 
peg rally accomplishe d by 
the 
ntroduction of a hypo 
\lmost all modifica 
disinfection 


uction of chlorine into 


the 
olution 
le proce ot 


the pomt of addition of the 


comecnTt 


chlorine, or the amounts of chlorine 


lorination 


also reduces 


) ome extent, tt controls 


a if may ln used to control 


bulking im activated sludge 


ludge digesters 


Solids Disposal 


i net cewage 


in itself, but is a 
for the treatment or handling 

ot sewage treatment 
has a high nuisances 
general process of 


there are several 


minor problems, processes, and meth 


od cleyx nding on the partr ular solid 
being handled 


screening he buried 


niatter 
burned, 
to the 


for removal as sludge 


Wmhuay 
or ground and returned 
flow 


secliimentation 


sew 
aye in the 
(srit, which is 
of sand 
grounds and muscellane 


hottle 


tanks 
usually a combination 


ders 


cin 
cottes 


ous items such as caps, ete 
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also contain large amounts of 


{ food 


Thiay 
matter 
leaves, paper, 
matter ) lf 
washed free of the organ 


organ 


particles and sewage 


organ grit can be 
matter or 
if it is relatively clean as deposited, it 
may be used as fill 

Grease presents a difficult problem 
Its removal is messy and presents a 
handling; it is usually 
some crude incinerator a 
nature and discharged 


problem in 
burned in 
it is Organic in 
to sludge digestion tanks, it will di 
gest, but if mineral in nature, it will 
not 


he 


sedimentation 


that settles m 
called 


noxious 


matter 
tanks, is 
It is a highly 


organi 
raw 
ludge mate 
rial, containing about 4 to 8 per cent 
solids which will undergo 
short 


Because of its high organic and 


begin to 
decomposition in a_ relatively 
time 
hacterial sludge cannot 


content, raw 


be disposed of by spreading on 
ground or by burying. It can be dis 
charged into large deep lagoons where 
it will undergo decomposition without 
dis 
charged into covered tanks where its 


nuisance conditions or it can be 
decomposition can be controlled. In 


ome cases sludge may be barged to 


Ca 


Digestion, Dewatering, Incineration 


When 


tanks im 


introduced into 


and 


sludge is 


the absence of au 


heated, it undergoes digestion. Gases, 


composed of methane and carbon di 
given off, the 
black granular 
and loses its nuisance characteristics 
Lhe of the 
sludge increases but the total amount 


oxide are sludge as 


sumes a appearance 


concentration solids in 


of solid matter decreases by as much 
per When digestion is 
complete the sludge may be removed 


as forty cent 
for ultimate disposal 

drained 
or dewatered 


Digested sludge may be 
and dt ved on sand beds 
by treatment with coagulating chemi 
filtered vacuum filters, 


after which it may be dumped for fill 


cals and on 
‘or it may be dried undet 


influence of heat after 


in low areas 
the which it 


mav be used as a fertilizer or soil 


conditioner. In some cases the vacuum 
dewatered sludge is burned in inciner 
for fill. If 


liquid sludge is washed before 


ators and the ashes used 
the 
chemical treatment and vacuum filtra 
‘elutriated.” 

Sludge from activated sludge treat 
ment may be digested or filtered and 
dried directly for 
ditioner. The humus material which 
sloughs off of trickling filters 
sent to digesters or to drying 


tion it 1s 


use as a soil con- 
also 
may he 


and fill 


and garbage 


Miscellaneous Problems 


\s in the case of water works pra 
tice, preventive maintenance is 
important part of proper operation 
Sewer cleaning; cleaning sand out of 
settling tanks and digestion tanks; 
and lubrication programs are a part 
of maintenance control 
Is very important 

Stream pollution is an imy 
part of the 
studies understanding 
the capacity of receiving waters are 
complex and varied, involving such 
things as aquatic microbiology, ox) 
gen depletion, reaeration 
factors 


an 


Laboratory, 


portant 
sewage treatment, and 


necessary to 


and other 


Industrial Waste Treatment 


With more than 
discharging wastes in the | 
States, it 1s apparent that the 
plexity and size of the problem is of 
Industrial 
classified 


10,000 industries 
nited 
com 
major proportions wastes 


have been according to 


source, OF as Inorganic, organi et 
will re 
spond to treatment involving chemi 
and 


as sedimentation, 


Generally, inorganic wastes 


cal mechanical processes, such 


filtration, etc. Or 
usually 
ment by biological processes and may 


or may not require chemical and me 


ganic wastes require treat 


chanical processes 

Chere are certain basi 
of industrial 
some or all of which 


unit proc 


esses waste treatment 
used 
depending on the source of the waste 


Almost all of these unit processes are 


mav he 


the same as used in sewage treatment 
or that fundamental 
knowledge of sewage treatment pro 


reason, a 


to han 
die the problems of industrial waste 
treatment 


esses and results is necessar\ 


Literature 


rhe literature of 
age works practices is found in the 
journals of the technical associations 
the Am. Wat. Wks. Assn 
and the Fed Sew & Ind Was 
Assns., in current technical mag: 
zines, and in reference publications 
such as the Reference & Data Edition 
of Water & SEWAGE WorKs 
books and manuals 
written on general and specific phases 


water and sew 


such as 


Chere 
are also many 
of the subject of water and sewage 
treatment. Lists of the most impor 
tant books have been compiled by 
the Editors of Water & SEWAGE 
WorKS magazine 





4yaog 
owen 


New 
Subscription 


‘uewe}ueED POET NEN 


r-) Auedwor 


“ydeqg 


“mojeq peyrey> posed 


*44 29} SHYOM JOVMIS BF UILVM %% YON oSGns mou Aw seque eseeiy 


00°9$—*t40e, sem [) 


Order 
Card 


“JZAV HSVSYM HLYON SST 


1S PPV “©peeeD pwr WSN +) Gre seyes srogy 
OS v$—s40e, om [) 


SO}44UNOD JeyJO 405 290A sed OF 


111 ‘T ODVOIHDS 


00 ES—102,4 eup 





PLEASE SEND ME INFORMATION ON 
THE ITEMS CIRCLED BELOW 


in 2" an an SA on 7" an on 10Of TIF 12h 


NOTE THE NUMBERS 


they correspond with the 27h 2R 2R BOR SIR S2H 33K sn 96R we we 


4on 418 428 438 448 458 468 “an 40n 

53h S4R SOR SOR S7R SOR SOR sin 62R OOR OAR 

oon 67h GOR GOR FOR TIM 72K 74n 79H FOR 77H 

headings in our 7oR BOR BIR 82h 83K BAR OOR s7R GOR BOR OR 

92h 93h O4R O5R GOR OTR OOR 102n 103K 

105R 106R 107K 108R 10OR 11OR 11IR 115m 116R 

EQUIPMENT AND LITERATURE COLUMNS 1/08 119M 120M 120M 122R 129K 126K 120m 1208 
(91h 192K 1398 134K 195K 130K 187K 4m 142K 

1448 145K 146R 147K 140K 140K 150R isan 155R 

To receive further information 1S7R 156K (59H 160R (61H 102K 169K 1e7n 100R 
170R 171 (72K 173K 174R 175K 176R ison 181 

(89h 184K (85H (86R (87H 180 189R 99h 1948 

196R (97H 198R 190R 2OOR 201K 2028 206R 207K 

on any of the listed 2008 210K 211K 212R 213K 214M 215K 2108 2208 

222A 223K 224 225K 226R 227H 220K 2328 2398 

EQUIPMENT OR LITERATURE 285 2968 237 @38R 230K 240R 2418 245 2468 
248A 249M 250R 251R 252K 259M 2548 258A 250R 

261K 262K 269R 264R 265R 266R 267R 2718 2728 

just circle the corresponding 274K 275K 276R 277H 276K 27OR 280K 281K 284R 2858 
287 288R 280R 290R 201K 292K 299K 294R 2058 207 2068 

MOOR SOIR 302K 303K 304 305K BOER BO7R So8R s10R BER 

S18R 319 S20R S2IR 323R 324K 


num r th S1SR HAR SIGH SIGR SI7TR 
uv be s on e card 526R S327H S26R S20R 350K SHIR BH2H BER 34K S36R 357K 356K 


Fill in your name, address, title if YOU WISH TO RECEIVE FURTHER INFORMATION ON 
PRODUCTS ADVERTISED OR REFERRED TO IN THE ARTICLES, 
OF THIS ISSUE—LIST THE PAGE NOS. BELOW. 


and maill 


For your convenience these 
Your Nome 
cards require no postage. ae 


Company or Dept 


Address 





New Subscription Card 


for 


WATER & SEWAGE WORKS 





ae 
PLR. Chicege 


Permit No. 43608. Sec. 4.9 
CHICAGO 1, ILLINOIS 


rors? Uless Pe 


WATER & SEWAGE WORKS 
185 NORTH WABASH AVENUE 


MARK 
AND 
MAIL— 
TO 


BUSINESS 











Addressee 


= 
oa 
sac 
a 


THE 

LATEST 
INFORMATION 
OR 
LITERATURE 
DESCRIBED 

IN 

THIS 





CARD 


First Class Permit No. 43608, Sec. 34.9. PL. SR. Chicago, if 


, NEW YOR 


REPLY 

POST OFFICE BOX 35 
VILLAGE STATION 
NEW YORK 14 


READER SERVICE CARD for 
WATER & SEWAGE WORKS 


WATER & SEWAGE WORKS 


BUSINESS 











Equipment — Products 
information — Literature 
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Where to Find It 


LINN H. ENSLOW 


Editor 


“Water & Sewage Works 


List No. 1—For Managers and Operators of Small Water Works 


Civil Engineering Handbook—Sth Ed. ($14.00) 
Recommended Practices and Specifications 


\merican 

AW.W.A 

Individual Reprints (Nominal Prices) 

Bul. No. 21 (a Handbook on Hydraulics) (F) 

Census of Water Treatment Plants 

Chlorine Manual (F) 

Conversion Factors for Engineers (F) 

Copper Sulfate in Control of Microorganisms (F ) 

Elements of Water Supply Engineering (2nd Ed.) 

Engineering Data in Flow of Fluids in Pipes (F) 

Fire Engine Tests and Fire Stream Tables (F) 

Handbook of Fire Protection ($10.00) 

Hydraulic Tables—3rd Ed 

Lab. Manual—Water and Sewage Anal., 3rd Ed. ( 

Lefax—Data Sheets for Loose Leaf Note Books 

Manual for Water Plant Operators 

Manual for Water Works Operators 

Manual ommended Water Sanitation Practice ( 

Manual of Water Quality and Treatment—2nd Ed 

Manual of Water Works Accounting 

Microscopy of Drinking Water 4th Ed 

pH Control (F) 

Plane Surveying ($6.00) 

Public Water Supplies—4th Ed 

Std. Meth.—Water, Sewage, Ind 
10th Ed. ($7.50) 

Taste and Odor Control in Water Purification (F) 

Technical Bulletins on Chlorination (F) 

The Operation ot Water Filtration Plants (F) 

Water ( ning Data Books (F) 

Water Purification Control—jrd Ed 

Water Rate Struc America (I) 

Water Supply & Treatment—ird Ed 

Water Supply Control 

Water Treatment 

Water Works Er 


(35.00) 


of Ree $15) 


($12.00) 


($7.00) 


Waste Exam 


onditi 


tures in 


2nd Ed 
aster | 


and Purification 


Di 


gineering i 


Publishers Author 


New York City Merriman & Wiggin 


Assn., New York City 


John Wiley & Sons 
Am. Water Works 


National Tube Co., Pittsburgh, Pa 

Am. Water Works Assn., New York, N. ¥ 
The Chlorine Institute, New York, N. ¥ 
Dorr-Oliver Co., Stamford, Conn 

Phelps Dodge Refining Corp., New York, N. Y 
John Wiley & Sons, New York, N. Y 

Crane Co., Chicago, Ill 

National Board of Fire Underwriters, New Y 
National Fire Protection Assn., Boston, Mass 
John Wiley & Sons, New York, N. Y 
McGraw-Hill Co., New York, N. Y 

Lefax, Inc., Philadelphia, Pa 

Chemical Publishing Co., Brooklyn 2, N. \ 
Texas Water and Sewage Works Assn., c/o State Dept 
U. S. Govt. Printing Office, Washington, D. ¢ 

Am. Water Works Assn., New York, N. Y 

Am. Water Works Assn., New York, N. Y 

John Wiley & Sons, New York, N. \ 

W. A. Taylor Co., Baltimore, Md 

John Wiley & Sons, New York, N \ 

John Wiley & Sons, New York, N. ¥ 


Hale 
Waterman 


ork, N. ¥ 
{ rosby, Fiske & Forstet 
Williams & Hazen 

Theroux, Eldridge, Mallman 
A. A. Hirsch 
Austin 


lex 


Health 


Whipple-Fais 


Tracy 
lurneaure & Russell 


AWWA or FSIWA 
Industrial Chem. Sales Div., New York, N. ¥ 
Wallace & Tiernan Co., Inc., Newark, N. ] 

N. C, State Dept. Health, Raleigh, N. ‘ 
Permutit Co., New York, N. Y 
Williams & Wilkins, Baltimore, Md 
Public Service Comm. of Wi Madison 
National Lime Assn., Washington, D. C 
New York State Dept. Health, Albany 
McGraw-Hill Co., New York, N. Y 

0. C. D, Pub. No, 2022, Washington, D. ¢ 


Order from APHA 


Hopkin 
Wi 
Hoover 
N.Y 
Ryan 


McCallum 


List No. 2—For Managers, Chemists and Operators of Large Water Works 


(In addition to List No. 1) 


($16.00) 
Handbook ( Ne Ed. Coming ) 
Prevention ($15.00) 
ird Ed. ($11.00) 
yr Uy I 


{ 
( 
( osion a 
Cort n Handbool 


Design f (3 Vol 


Data Book « ngineers 
Deep Well Dri 
Fluoridation as a Public Healt! 
Fresh Water Biology $10.75) 
Fre Water Algae 2nd Ed 
Ground Water $9.00) 
(ot ind Water, Devel pment Uses & Co 
ot Publi SCT 


Measure ($4.50) 


$11.00) 


Guiding Principles vice Reg 


Publishers luthor 
Addison 
| rquhart 
Hool & Johr " 
Uhlig 


pe ller 


John Wiley & Sor 

McGraw-Hill Co 

McGraw-Hill C 

John Wiley & Sons 

McGraw-Hill Co., N 

John Wiley & Sons, Ine yew Yor 
Gulf Publishing Co., Houston, Tex 
Am. Assn. for Adv. of Science, Wa 
John Wiley & Sons, New York, N. ¥ Ward & Whipple 
McGraw-Hill Co., New York, N. ¥ mith 
McGraw-Hill ¢ New York, N. ¥ C. F. Tolma 
Edward E, Je Paul, Mi Benni 


Public Utilities Rochester 


Elwyn Ik seelye 
Walter & Jefles 


hingtor 


hnson, Ine 
Reports Ine 


Spurr 
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Applied Hydraulics—2nd Ed. ($15.00) McGraw-Hill Co., New York, N. Y Davis 
wk of Cast Iron Pipe—($5.00) C. L. Pipe Res. Assn., Chicago, IIL. 
dth Ed. ($8.00) McGraw-Hill Co., New York, N. Y. King 
f A.W.W.A.—1881 to 1933 Am. Water Wks. Assn., New York, N. Y 
W ater i plie (nominal ‘ harge } Ohio Geologx al Sur vey, ( ‘olumbus, Ohio ( W. Foulk 
ntrol of Water Purification Case, Sheppard, Mann Pub. Co., New York, N. Y Cox 
trial Water, ASTM No. 148A Am. Soc. for Testing Materials, Philadelphia, Pa 
rs’ Handbook—12th Ed., 3 Vol John Wiley & Sons, New York, N. Y......... Kent 
Application Williams & Wilkins Co., Baltimore, Md. LaMotte, Kenny & Reed 
ing Pittman Publishing Co., New York, N. Y. Cleverdon 
Carnegie-Steel Corp., New York, N. Y 
John Wiley & Sons, Inc., New York, N. ¥ Phelps 
National Press, Millbrae, Calif Finch 
fi MacMillan Co., New York, N. Y Foster 
tructure Ohio State Univ., Columbus, O.....Jt. Comm. ABA, ASCE, AWWA, FISWA 
Law on Engineering Work lohn Wiley & Sons, Inc., New York, N. Y Sadler 
lraulic Institute Bth Ed. ($3.00 Hydraulic Institute New York, N. Y 
es for Stationary Diesel Engines— ($2.50). Diesel Engine Mig. Assn., Chicago, Ill 
nsus Data on Water Treatment Plants i 
teprint ) Am. Water Works Assn., New York, N. Y U.S.P.H.S 
teriology LD. Appleton & Co., New York, N. Y. Zinser & Jones 
Method ot Distributi tem De int { niv. ot Illinois Engr Exp Sta ; Bul. No. 286 Hardy Cross 
‘ure Water Am. Water Wks. Assn., New York, N. Y Saker 
$2.00) Mo. Water & Sew. Conf Lischer 
6th Ed, ($5.25) John Wiley & Sons, New York, N. Y Prescott, Winslow & McCrady 
yphoid Fever Outbreaks (nominal Am. Public Health Assn., New York, N. Y Wolman & Gorman 
ing for Industry McGraw-Hill Co.. New York, N. Y. Powell 
Treatment——2nd Ed Am. Water Works Assn., New York City Various 
nt for Industrial Uses Reinhold Pub. Corp., New York, N. Y Nordell 
d Sewerage— rd Ed. ($8.00) McGraw-Hill Co., New York, N. Y Steel 
rineering—Sth Ed. ($8.50) McGraw-Hill Co., New York, N. Y Jabbitt & Doland 
er No. 658 (Quality of Waters) U. S. Geological Survey, Washington, D. ¢ Stabler 


nominal ) 


eering 


List No. 3—For Operators and Managers of Small Sewage Works 


Publishers luthor 


ical Treatment of Sewage (nominal) Am. Public Health Assn., New York, N. Y ommittee Report 
ine Manual (F) Che Chlorine Institute, New York 17, N. Y 

leration of Sewage & Indus. Wastes Assns .. Washington, D.C 

Manuals of Practice (Nominal) 


Lab. Manual of Water and Sewage Anal.— 3rd Ed. ($4.50).. McGraw-Hill Co., New York, N. Y Theroux, Eldridge & Mallman 
Manual for Sewage Plant Operators Texas Water & Sewage Wks. Assn., c/o State Dept. of Health, Austin, Texas 
()peration and Control of Sewage Treatment Plants New York State Dept. Health, Albany, N. Y. 
Principle f Sewage Treatment National Lime Assn., Washington, D. C. Rudolfs 
Keprints of Technical Papers on (hiorime in 
Sewage Treatment (IF) Wallace & Tiernan Co., Inc . Newark, N J 
ewaue Treatment ($6.75) lohn Wiley & Sons, Inc.. New York, N. Y Imhoff and Fair 
ewerage and Sewage Disposal Texthook—2 Vol. ($8.50)... McGraw-Hill Co., New York, N. Y Metcalf & Eddy 
ewer Renta ewawe Service Charges in Am. Public Works Assn., Chicago 
Cities Over 5,000 Population ($3.00) 
Industrial Waste Disposal Charges in 
Cities Over 5,000 Population ($3.00) 
td. Met! Water, Sewage, Ind. Wastes Exam 


10th Ed. ($7.50 Order from APHA, AWWA, or FSTIWA 


List No. 4—For Managers, Chemists and Operators of Large Sewage Works 


(In addition to List No. 3) 


Publisher luthor 
Amer. Sewage Practice—3 Vol McGraw-Hill Co., New York, N. ¥ Metcalf & Eddy 
Industrial Waste Treatment ($7.00 McGraw-Hill Co., New York, i Besselieyre 
Modern Sewage Disposal Federation of Sewage and Indus. Wastes Assns., Washington, D. C 
Municipal and Rural Sanitation—4th Ed. ($8.00) McGraw-Hill Co., Inc., New York, N. Y. Ehlers & Steel 
Rates and Rate Structures Ohio State Univ., Columbus, O....It. Comm. ABA, ASCE, AWWA, FISWA 
Stream wnitation— ($5.00) lohn Wiley & Sons, Inc., New York, N. Y Phelps 
Sewage Trade Waste Treatment Govt. Printer, Adelaide, Australia Hodgson 
Sewerage and Sewage Treatment Intl. Text Book Co., Scranton, Pa Hardenberg 
Water Supply and Waste Water Disposal John Wiley & Sons, Inc., New York, N. Y Fair and Geyer 
Sewerage and Sewage Treatment—7th Ed. ($8.00) lohn Wiley & Sons, New York, N. Y Babbitt 
Sewers (25 shillings) Chapman & Hall, London Bevan & Rees 


The Hoover Plumbing Code (B. H. 13 (nominal ) U.S. Bureau of Standards 


~ 


F) Available as Free Publication at this writing ; 2 
Note--Sewage works men should examine Lists 1 and 2 © fe slications of value to all alike—for instance, “Conversion Factors for 


Engineers” and the handbooks 
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It. MANAGEMENT 


O WATER or sewage works 

builds and operates itself, no mat 
ter how large or small or how auto 
matic. This that there must 
be property, financing, and contact 
with the public. It means that there 
must be operating personnel, super- 
vision and safety. In short, it means 
that every water or sewage works 
must meet the problems of manage 
ment. This section is devoted to the 
subject of management and the prob- 
lems it entails: Financing, rate struc 
tures, office operations, public rela 
tions and policies, lands, legal 
decisions, and safety 


means 


Financing 

Water utilities may be private, pub 
lic, or industrial. Sewage works are 
usually municipally owned. It doesn’t 
matter! All water and sewage utilities 
must be provided with finances for 
both capital expenditures and opera 
tions. The particular financing pro 
gram utilized depends on many fac- 
tors, as indicated in this outline. 


Capital Expenditure Financing-Gen- 
eral 
A. Municipal Owned Water Utility 
1. General Obligation Bonds 
2. Revenue Bonds 
3. Special Tax Assessments 
4. Surplus from Operation Rev 
enues 
B. Privately Owned 
] tonds 
2. Stocks 
3. Surplus from Operating Rev 
enues 
Sewage Treatment Works 
1. General Obligation Bonds 
2. Sewer Revenue Bonds 
3. Sanitary District Bonds 
Capital Expenditures—Specific 
A. Extensions (Water or Sewer) 
1. Special Assessments 
2. Contracts with real estate de 
velopers 
3. Surplus 
B. Metering Programs 
] Bonds 
2. Special Assessments 
3. Surplus 
Operation Financing 
A. Municipal Water Utility 
1. Charge for service 
2. Tax funds 
B. Private Water Utility 
1. Charge for service 
Sewage Works 
1. Sewage service charge 
2. Tax funds 
3. Sanitary district tax levy 


Utility 


Rate Schedules 


There is no rate schedule problem 
in communities where funds for 
water and sewage works operations 
are provided out of tax levies. In 


other communities charges for water 
and/or sewage service are based, in 
varying degrees, on benefits received 
Basically any rate for either water 
or sewage service must provide 
monies for: 

1. Operating Costs: Personnel, 
overhead, power, supplies, 
maintenance, insurance. 
Amortization of bonded indebt 
edness 

3. Surplus and Contingency. 

From simple to complex, the vari 

rate structures for water are: 
Flat rate per service per unit 
time; (2) Rate based on number of 
plumbing fixtures; (3) Rate based 
on measured volume of water used; 
(4) Sliding scale rate based on water 
used with standby or ready to serve 
charge plus special charges for fire 
service, etc.; (5) Combination tax 
and sliding scale meter rate 

rhe simplest sewage service charge 

is a flat rate based on some unit of 
time, or of consumption, or of pro 
duction in the case of industry, The 
simplest rate based on water con- 
sumption is some percentage of the 
water bill. In the case of industry 
more complex rates are based on 
quality as well as quantity of the 
waste; still more complicated rates 
are based on tax levy, water con- 
sumption and waste concentration. 


ous 


(1) 


Office Operations 


A water or sewage works cannot 
operate and serve the public without 
an office of some sort, and every of 
fice will find it necessary to maintain 
records of property, operation, serv 
ice and finances. The number and 
type of records, and degree of detail 
will depend on the kind of water or 
sewage works, its size, number of 
people served, type of rate structure, 
treatment involved and other factors. 

In a water works, records are kept 
of distribution systems, meter instal 
lations, valves, locations, personnel, 
operating expenses, income, com 
plaints and service, volume pumped, 
non-revenue water, treatment opera 
tions, etc. In sewage works, records 
are kept of sewers, manholes, over- 
flows, volume, treatment, income, @€X 
penses, personnel. 

The record forms should be de 
signed to meet the needs of the util 
ity. State boards of health often pre 
scribe the general form of treatment 
plant records. Standard business 
forms may be utilized in business 


operations or may be specially de 
signed to fit specific business record 
machines. Engineering records, meter 
records, etc., usually fit the personal 
preference of the management, In 
large water systems, automatic busi 
ness machines and record systems aid 
operations as does radio dispatching 
ot service crews. 


Public Relations 


In the words of the Amer. Wat. 
Wks. Assn., “Silent Service is Not 
Enough.” Every water and sewage 
works supervisor and operation 
should make an effort to develop and 
improve good relations with the pub 
lic being served. At the same time 
efforts should be made to keep the 
public conscious of the service it re 
ceives, The establishment of sound 
operation and service policies is an 
essential part of good public rela 
tions. The technical associations 
(AWWA and FSIWA) both foster 
the development of public relations 
programs 


Lands and Laws 

All water and sewage works must 
own some land and must have rights 
of way for distribution systems or 
sewer lines. Some large surfaces sup 
plies own many acres of land as res 
ervoir sites and this land must be 
protected and managed. In some in 
stances the reservoir drainage area 
may be farm land which can be 
profitably farmed in one way or an 
other. 

With the owning of property, man 
agement will have legal problems 
There are laws regulating commis 
sions, utilities and their operations, 
rates, etc. Legal restrictions exist re 
garding stream pollution, delinquent 
accounts, cross connections, lines in 
highways, etc. There are few opera 
tions in water and sewage works 
management that do not in some way 
involve legal problems 


Safety 


Until the late 1940's, little serious 
attention was given to safety pro 
grams in water and sewage works 
operations. As a result, the accident 
incidence and severity rate in water 
works was higher than in other in- 
dustries. More recently, the AWWA 
has developed a program to interest 
water works men. The FSIWA is 
also keenly interested in the problem 
and many articles have appeared in 
the technical press on the subject 


W.4&8S.W.—Rererence & DatTa—-1955 





Financing Sewage Works 
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Some fundamental considerations 
by WM. F. TEMPEST 


Portland Cement Association, Chicago, II! 
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Three Types of Bonds 


This fundamental! concept of a rate struc 

ture designed to impose regular charges 
based upon service and benefits enables the 
municipality to operate the water and sewer 
facilities on a businesslike It permits 
the finance officer to develop a well-rounded 
financial plan. ‘Too often, the only avail 

method of borrowing has been by 
means of general tax obligation bonds r« 

lying solely on the taxing power 


basis 
able 


General Tax Obligation bonds are pay 


able from a general tax on all property and 
consequently a direct obligation of the mu 
nicipality. All bonds of this class fall within 
Constitutional or statutory limitations upon 
indebtedness No 
tween revenue producing works 
Total reliance upon this method prevents 
flexibility and may retard 
struction of needed improvements 


) pecial 


distinction is made be 


public 

' 
seriously con 
Assessment bonds although 
able only from special assessments against 
property benefited nevertheless ma the 
property owner responsible for the improve 
ment and are considered 
of the municipality 


pay 


an indebtedness 


third method of 
repayment trom 
users 


bonds, the 
financing, ior 
harges to be made against 
and properties Such ideally 
suited for the financing of sewage works 
Insofar as any local unit of government has 
some capital, good capacity ior earnings, 
a good character and stability with honest 
administration, revenue bonds will be ac 
ceptable to the investor and provide an 
economical means of | vital 
needs 


Revenue 
provide 
isers, OT 


bonds are 


raising tunds tor 


Organizing An Improvement 
The improvement depends 
not upon the soundness and the need 
for the project but also engineering 
judgment, well-planned financing and care 
fully guided legal procedure. In support 
of all phases there should be strong public 
support No municipality verlook 
this important preliminar tey It 
even be profitable to engage special 
to direct an educational campaign 
The first step by the officers of the 
nicipality should be the organization of a 
committee of leading citizens who have the 
of the entire community 
actual or 


success Of any 
only 


upor 


shx yuld 
may 


unsel 


mu 


confidence 

The will be the 
ganization and conduct of the campaign 
Accurate information, honestly presented 
will have a salutary effect upon acceptance 
of the financial plan and the 
sale of the securities to the investor 

It is at this point that the value of “char- 
acter” will be appreciated. If the munici- 
pal officials have issued interesting and 
informative annual reports and if good pub 
lic relations have been built up with all 
utility users the campaign support of 
new facilities or extensions will gain mo 
mentum rapidly The following outline 
of a general educational campaign has been 
used successfully and is sug- 
gestion for others: 


second step 


subsequent 


f 
ior 


offered is a 


Educational Campaign Outline 
A. Establish central committee 
1. Headquarters 
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TO 


THE BOARD OF 
WATER COMMISSIONERS 


or 
THe city oF cerrorr DR. 
OFFICE, 735 RANDOLPH STREET 


WATER 8040 BUN ONG 
oeTeorl &. miCHeAn 


ADD FIVE PER CENT IF PAID AFTER DUE DATE 


SEE CAPLANATION OW BEVERSE SIDE 





METER READINGS 


PRESENT DATE PREVIOUS 


NOTICE OF ESTIMATED BILL 


“EC 


corrected when the meter is next read 


LAST DAY FOR PAYMENT 
OF NET BILL 


It is mecessary to estimate some of the bille of this District this 
quarter. If this bill is estimated, it will be so indicated by the letters 


" om the billing line, and eny ‘over or under estimate will be 


WATER AND SEWAGE Dt 
Low 
ON REVERSE SIDE 


OFFICE HOURS £004 M w445 PM 
SATURDAYS $00 AM wll Neen 


LEDCER 


NET BLL 


PENALTY FOr 
LATE Pavan’ 





TOTAL 


BOARD OF WATER COMMISSIONERS 
DETROIT 


DAY FOR 
OF NET 


LAST 
PAYMENT BILL 


REMITTANCES 


NET BLL 


COMPANY ALL 


STUB MUST AC 


renacty For 
LATE PayeenT 


WHEN REMITTING BY MAIL DETACH HERE-> 


« 





TOTAL 








1840 


Total 
Rate ' 
MC Ax 


Se= age 
Drapose!l Rete 
Cu Fe 


Pe 
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Fr 


Water Rate 


Consumption Charge and shown on the 





AND SEWAGE DISPOSAL RATES 


FIRE LINE RATE 


Consumption Charge phus one-third Serv 


ON ALL BILLS RENDERED ON AND AFTER JUNE 19. 
MONTHLY SERVICE CHARGE 
wdded + 


DETROIT WATER 
C anwumption Charge 
All over 100.000 ou ft per menth 
Mireur Boll 


Service Charge is 


~ 
3 
. 
~ 
~ 





herge 


we 





Cherter 
erry an nhert: 
Ustowner he prmust 


the premises des 


“e« 


FOR SERVICE 


» information regarding 
ark 


*R 
FOR YOUR PROTECTION 


Every eater meter reader end mapector i required | 


rurne 


{ the Depe 








mated on the fece of the bill, end by wirtwe of the Detrok City 


end OWdenermes 15 6 hen egeaenet Che property served 


This bill is for water end sewage dinposel service to 





fheation card hearm; his photograph On request 


On dornes 
wx ated an 


on the date 


ony euthorised agent of the 
otlected A lust of euthorised 


department + agents ere euthor 


floor of the Water Board Busideng 
Peyrment dete as indweted on 


WHEN 
~h meters and 


tmlted end pe,ehic querterty 


the fece of the be 


cher ge 


other than these soeciftied shove are billed 
Ped te 
The 


\ and I & 


at 
the penalty 


the ec COwrts mmanth!y 


BILLS PAYABLE WHERE 


BILLS PAYABLE 


cach ot 
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bell 
PENALTY FOR LATE PAYMENT 


Bills met paid on oF before the lest net 


ered by 
overed by merters 


oe 
coments 
eres appies +. 


ounts 
meters 
At the department s mam office fret 


agents ~ill be furnehed upon request 


the fece of the bull are subject to « Gre 


pene) 


Rex 
a 

Ord payehte rrcent his 

case ane prece of property is cover 
whe melang to 

the comsumer 

ehech elread) inc hudes 








2. Volunteers 
3. Appoint publicity director 
B. Report on investigations 
1. Engineer’s report 
2. Financing methods 
from bond attorneys) 
Comparable conditions in other cities. 
How remedied? 
Publicity 
1. Newspaper articles. Full details given 
to press; cooperation obtained in in- 
terest of public welfare 
2. Advertisements—if election to be held, 
present final conclusive arguments im- 
mediately preceding election day 
3. Booklets and pamphlets—simple, di- 
rect statements 
D. Canvassing 
1. Individual calls by volunteers 
2. Endorsements by prominent citizens 
FE. Local Organizations 
1. Obtain support of local groups 
a. Business 
. Professional 
. Chamber of Commerce 
. Women’s Organizations 
. Civic Clubs 
. Schools, etc. 
F. Lectures and radio talks 
1. By city officials 
a. Engineers 
b. Attorneys 
c. Volunteer citizens 
G. Displays 
1. Posters in store windows 
2. Posters in homes 
The eampaign should enlighten the public 
on the need for the project, but should not 
be directed exclusively to the citizens of the 


(advice obtained 


community. Advantage can be taken of a 
wider sphere of influence and facts devel- 
oped during the campaign to reveal the 
capacity of the sewage works to earn its 
own way on a businesslike basis. This pro- 
vides an opportunity to inform the residents 
of the community of the indispensable serv- 
ices they receive at nominal cost. 

The campaign can also be used to build 
up the character of the municipality. The 
percentage of home ownership, the healthy 
growth of local service organizations, 
church attendance, the use of public li- 
braries and community facilities are all in- 
dicative of the character of the community. 


Revenue Bond Ordinance 


If bond counsel has not been engaged, 
early employment of expert legal advice is 
highly recommended, Bond counsel and 
financial consultants should work in close 
harmony through all steps in the procedure. 

In the event of any challenge on a point 
of procedure or the possible contest on the 
validity of an ordinance bond counsel is 
better able to defend the action if thor- 
oughly familiar with all on-the-spot discus- 
sions. Particular attention should be given 
to the drafting of the bond ordinance. Some 
typical provisions of a Revenue bond 
ordinance are given below, but for a more 
detailed discussion the reader would do 
well to refer to a paper entitled “Financing 
Through Revenue Bonds” published by the 
National Institute of Municipal Law Offi- 
cers as Report No 

Typical provisions of a revenue bond 
ordinance are illustrated in the following 
outline : 


ORDINANCE NO 

Title 

An Ordinance Authorizing the Construction 
and Operation of a Sewage Treatment and 
Disposal System for the City of 
pursuant to the act of the 

known as the act of 
and further under the act of the 
legislature known as the act 
to provide for the financing of construction 
operation, improvements, extensions and bet 
terments by the issuance of Sewer Revenue 
Bonds, payable solely from sewer service 
charges and revenue derived from the opera- 
tion of the system and to provide funds for 
paying all or a part of the cost of such system ; 
providing that such Sewer Revenue Bonds 
shall not constitute a debt of the City or a 
pledge of its full faith and credit; requiring 
connections with sanitary sewers to be served 
by such system; providing for the imposition 
and collection of rates, fees and charges for 
use of services and facilities of the system 
and for the creation of certain special funds ; 
pledging the net revenues of the system to the 
payment of principal and interest obliga 
tions on such Sewer Revenue Bonds and set 
ting forth the rights and remedies of the 
holders of such bonds 

Resolution : 

(Set forth in detail necessity for project, its 
extent, purpose, authority to act, also descrip- 
tive details of project with enumeration of all 
facilities.) 

Ordinance Proper: 

Article I—( Detailed definitions) 

Article Il—(Set out in detail authority for 
issue, form and provision for registration of 
bonds. Accurate description and designation 
of bonds should be given together with interest 
provisions and denomination of bonds. There 
should be a section devoted to transfer pro 
visions stating specifically how title to any 
bond shall pass. It is especially important to 


legislature 
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Combination postcard billing form te 
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other 


negotiable with 
Similiar imetruments 
ment should be 


hould be ar 


Place of pay 
convenience 


enter 


will provide for 


f Redemption and Re 


Consultants Are Important 
ial consultant will study special 
finance problems such as tim 
coupon rates, manner ol 
other similar details on 
ar with municipal 
knowledge 


finance 


teps necessary to be taken 
the financing of 
arily be taken at the 
tion of the consulting en- 
le, is an important matter 

His 


e project requirements and 


sewant 


Sale 


early as possible 
tructures, more important 
will enable him to 
information desired by 
el and financial consultant 
ils should not overlook the 
iivantage of conterences 
from beginning 
clude bond counsel, financial 
engineer In this manner 
can be resolved to the 

f the municipality 


before, 


' 
il i€ 


proceedings 


Ss necessary tk decide uitwor 
and the manner in 


ued and Id 


which 


reliance 
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hine billing operat 
the strip is cut on the dashed lines. 
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(Customer's address oo 
reverses wide of (3). ) 








should be placed in the V yf bond coun 


sel and financial con 

The bond attorney in company with local 
officials should be prepared to discuss the 
proposed bond issue bond dealers in 
the large financial center Ordinarily it 
is not possible to finance a project 
entirely through local dealers 

After all details have been ironed out 
the bonds will be ordered issued in accord- 
ance with the plan decided upon and in the 
order and amount specified. At this point 
the educational campaign will be of 
material help in smoothing the path of the 
steps that follow. A prospectus will have 
prepared, giving a clear outline of 
finances, prior obligations, assessed 
number of users and estimated 
If the job is well done and con 
has been created in the reports of 
and others connected with 
various phases of the proposed improve 
ment, the prospectus will be well received 
I It should be at once apparent 


with 


large 


also 


hee n 
lo« al 
valuation, 
income 
fidence 
the engineer 


Dy investors 
from all that has been said that every step 
must be given careful thought and decisions 
made only after thorough study and de 
liberation. This groundwork all along the 
is of extreme importance to the mu 
nicipality and cannot be overemphasized 


way 


Billing and Collection 

Following the successful financing and 
construction of the improvement will come 
the problems of billing and collecting ac 
Considerable work has been done 
and reports of a Committee of the American 
Water Works Assn. studying this subject 
have heen published in the Journal of that 
\ssociation 

The most « 


counts 


joint bill 


unts wher 


mvenient basis is a 


water and sewer a pos 


SS’ 


sible. This presupposes a metered water 
supply and a charge for sewer service 
based primarily on water consumption. The 
most common practice is to show the charge 
for water and sewer service charge as sep 
arate items on the same bill. Prompt pay- 
ment of the bill is often encouraged by dis- 
count privileges which can only be taken 
if both items are paid. 


It is essential for the maintenance of good 
credit that a good follow-up system be 
adopted to prevent delinquencies. Usually 
a post card reminder is all that is necessary 
If it becomes necessary to apply legal sar 
tions to enforce payment there is authority 
for the water shut-off device. In a survey 
of numerous municipalities made by the 
Joint Committee of the Section of Munic 
ipal Law of the American Bar Assn. and 
the American Society of Civil Engineers 
previously referred to, it appears that the 
threat of water shut-off is the most effective 
means of enforcing payment. As a prac- 
tical matter it is seldom necessary to invoke 
this sanction 


The methods of enforcing payment of 
water and sewage charges are discussed in 
detail in the report of the Joint Committee 
previously mentioned. The growing ac 
ceptance of the revenue bond method of 
financing sewage works will encourage 
municipal officials to develop information 
based upon experience. The exchange of 
knowledge guided by reports of intensive 
study by those vitally interested will result 
in healthy growth and businesslike manage 
ment of the two most essential public serv 
ices affecting the health and welfare of 
large and small communities throughout the 
United States 





Customer Accounting and Contact’ 


by R. W. FITZGERALD and ERNEST C. NORTH 
Respectively Supt., Div. of Water Supply, Norfolk, Va., and 


Engr. in Charge, Valuation Dept., Whitman, Requardt & Assocs., Baltimore, Md 


fe Div. of Water Supply of the 
Nor folk, Va., Dept of Public 
Works serves a metropolitan popula 
tion of approximately 350,000. The 
customer contact and accounting pro 
cedures employed in the past were 
quite inefficient. Like many other 
cities of comparable size, Norfolk had 
a long established system of account 
ing, which, though adequate when in 
stalled, had been modified by patch 
work changes in order to keep pace 
with rapid customer expansion. As 
a result of the extreme wartime 


Wat 
1954) 


Amer 


(Feb 


*Reprinted from the Jour 
Wks. Assn.; Vol. 46, No. 2 
by permission of AWWA 


Fig. 1. OFFICE of Division of Water 


An attractive office invites customers’ contacts 


growth in the number of customers 


the “patches” cracked at the 
and the 
tem could no longer be tolerated. In 
February 1948 the firm of Whitman, 
Requardt and Associates, Cons 
Kngrs., Baltimore, Md., presented a 
comprehensive report on the Norfolk 


seams 


continued use of the old sys 


water system, including an appraisal 


' » 
oft customer accounting 


Redistricting 


rhe first step to be taken was the 
redistricting of accounts in order to 
equalize the daily flow of work 
through the meter reading, billing, col 
lecting, and accounting sections, Un 


= 
alia! 








der the old system, the city had been 
divided into six billing districts, which 
had expanded at different rates. In 
1947 the largest district had 10,000 
customers and the smallest 3,800. The 
result was that the billings for ovet 
expanded districts fell far behind the 
others, and collections and credit in 
formation likewise in 


In view of the disparity in 


arrears 
district 
size, it was obviously uneconomical to 


were 


base the number of personnel on the 
Chus, the re 
districting of the customer accounts 
into a more flexible pattern became of 
importance, As sufficient 
workers available 


needs of larger districts 


paramount 
othice were not 


within the division to accomplish this 


Fig. 2. FILE room 


The record cards in Fig. 2-4 are housed in file banks such as those 
shown at right of photograph 
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METER ORDER CARD 


Fig. 3. METER order card 
Both front and back of this card are utilized. 


pecifications were prepared and 
public bids requested, Remington 
Inc.. New York, was the su 
The work included ad 
dre verification, meter book checks, 


task 


Rand 
essful bidder 


arrangement, 
address plate 
meter 


new district and route 


verifying 
new 


re folhoing 


change preparing book 
ind compiling a street direc 
portion of the moderniza 


was completed in © 


inde xe 

tor ‘an 
on =program 
ind immediately proved bene 
Much remained 
order to 


month 
ficial to the division 


to be done, however, in 


modernize the system completely 


Improved Customer Contact 


Private utilities had long been con 
cious of the value of good customer 
and had educated the public 

and demand ‘like service 


municipally owned utilities 


relations 
te ‘ xpect 
Once the redistricting of accounts had 
the work load on the 
personnel, the next impor 
was the development of an 
ervice and information 
L'nder the old the 
is required to make his 
old-stvle teller 
this never 
e warmest or most practical type of 
irdless of the amiability 
ind courtesy of the clerks. The public 
resent the loc ked-out”’ feeling ot 
tanding behind an, @paque glass par 
while the 
in an attempt to gather such 


othed out 


system, 


hrough an 
ndow. Obviously, was 


ontact reg 


| 


clerk scurries around 


tion as he needs to satisty the 
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lhe division has now taken a page 
from the private utilities’ book, and 
the public is served by trained 
personnel in comfortable and pleasant 
surroundings. When a customer sub- 
mits a problem or question on service 


now 


or billing, an intercommunication sys 
tem enables the contact clerk to secure 


oare 
FusMESS OF OCCUPATION 
wAUE OF HUSEARO OF BITE 


promptly all of the information re- 
quired. The development of the 
“open-door” policy, however, made it 
necessary to install a modern book- 
keeping system and a central filing 
system for customer service and his 
tory records 


Records and Accounting 


The 


was 


old 


based on 


method of 
the 
ledger. These ledgers were kept in the 
office, convenient to contact and post 
ing clerks. It was, of course, neces 
sary for the billing section, located 
on another floor of the building to use 
the ledgers also. Consequently, a great 
deal of confusion and loss of time 
was inevitable. If a contact or posting 
clerk needed to refer to a ledger that 
was being used in the billing section, 
he had to go out of the main office 
into the public area, walk down a long 
flight of stairs to the billing section, 
and interrupt a biller for the length of 
time required to search the ledger 
lhe customer meanwhile had to stand 
outside the window and wait for the 
“traveler” to return with the informa- 
tion. 


bookkeeping 


so-called Boston 


The 
well 


had other faults as 
After a district had been billed, 


system 
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sPousE otrosiT srt 


Fig. 4. CUSTOMER history record 


Both the fr 


the customer's history 


mt and back 


f this card may be utilized to record all pertinent details of 
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CUSTOMER SERVICE MASTER RECORD 


CITY OF MORFOLK. va 


OIVIBION OF WATER © 


reew ne cae 


Fig. 5. CUSTOMER service master record 


This card is retained in the file at all times 


the stubs from the billing section wer« 
filed by account number at a dupli 
cate-bill window. When a duplicate 
was required and the account numbet 
was not known, it was necessary to 
refer to an address file to get the 
number. A cashier’s stub was then 
prepared by hand and the customer 
was sent to the cashier’s window for 
payment. The cashier sent the re 
ceipted bill stubs to the accounting 
section with an adding machine tape 
attached. A posting clerk looked up 
the account in the ledger, stamped the 
account “paid,” and at the same time 
enumerated the paid totals on another 
adding machine tape. The cashier’s 
tape and the posting « lerk’s tape were 
then reconciled. The accountant en 
tered receipts from the posting clerk 
and offset these daily by cashier de 
posits 


Such a crude method naturally led 
to many errors. It had been the cus 
tom of the department to send a de 


linquent notice on all bills not paid 


When the time arrived 
for mailing the notices, it was neces 
sary to seare h the ledgers for unpaid 

again “the battle of 
the ledgers” had to be reenacted. Con 
tact clerks, and the 
billing section were constantly collid 


ing 


in 30 days 


accounts. Once 


posting clerks, 


With the development of the 
“open door” poli y, the ledgers were 
replaced by two unit booking desks 
housing a modern system of stub ac 
counting. A central information file 
established, using visible-index 
cards | Fig 2-6). Two sets of records 
customer 


was 


are maintained, one for 


history and the other for customer 
service, When the and 
service clerk calls the file room, he is 
immediately routed to the proper sec 
tion, where the data are 
quickly found, The division services 
50,000 active accounts, and it is ob 
vious that considerable time is saved 
through this efficient system 


information 


desired 


Billing Machines 


The billing system previously used 


had many defects, including the in 


vSTOMER Frome © 


roe s sercer 


trots Sienatuwe 


=> = 


TROUBLE 


tautw Ov UT Gare tf ’ cue 
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ability to provide useful statistics as 
a byproduct of the billing operation 
Che efficient management of a water 
system like Norfolk’s requires such 
data as the water consumption by dis 
tricts, the number of 
each district, and the amount of at 


customers in 
rears being billed by district. These 
currently available, 
so that management can act promptly 


statistics must be 
to correct any defects that may arise 
The billing machines now installed 


are sufficiently flexible to 
needed statistics as a simultaneous by 


give the 


product of the normal billing opera 
tion, with greater speed and accuracy 
than was possible with the machines 
and methods formerly The 
present practice is tO use a postcard 


used 


bill. Considerable time and money are 
saved, because bills are now printed by 
the division on a modern bill printing 
and addressing machine. The bills are 
preprinted and addressed on a cycle 
preparation basis 


Che completely modernized system 
of meter reading, billing, collecting, 
and customer contact has 
now been in service for more than 2 


accounting, 
years, Customer complaints are di 
minishing in number, and the irritated 
rarity. The 
morale of the division’s personnel 1s 


customer is becoming a 


high, while the taxpayers are reaping 
benefits in the saving of time and 
money because of the 


adopted 


Improvement 


ete Prone @ 


IBSPECTOR S #EPORT 


vitowde ibwatuis "smarecton 


Ee. 


ORDER 


rere we Gee 


Fig. 6. TROUBLE order card 


This card is taken along whenever an investigation of a service is 


made. Afterward the 


card is returned to the service file 
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Better Administrative Practices’ 


Gen. Mgr. and Chief Engr, 


ive! 


Manag not 


vOorkKs 


to the custome 


or additional incom 


increasing ¢ 


mtinually 


yperation Ihe reduced 


dollar and 
nee the 
ve combined 

¢ problem more pre 


\ 


Viany wutilitie have 


old rates 


x pense by eliminat 


formerly rendered 


wy maimtenance and 
apparent economy 


i vreatet burdet i 
toll, the 


i difheult one to 


nec ity of 
lace 
resence ot adverse publi 
erning body usually 

( Che La Mesa 

ul Spring Valley Ir 

has been confronted 
roblem., and the purpos 
to describe how im 
tative pract 
trict to give 


rate cle spite 
demand 

vhich is located 
Diego 
includ 
1952 


ecent 


22,051 


to oan 
acre 
of 67.000 in 

ine the 
is urbanization, the 


1940 figure 


convert 


to do 


forced t© 
irrigation 


district had one engi 


wer. Problems brought 
rapid growth made ne 


llition ot qualihed en 


could be 


cle 


it ope rations 


' , 
itional records 


ilities properly de 
is OT adequate 
é stablished 


regulations re 


has 
and 
standard 


higher 


equi 
of costs, improved 

ind greater personal 
ethcren In 1951 the board employed 
make 
i study of office procedures and re 


rhe 


in administative consultant to 


ommend improvements report 
Jour. Amer. Wat 


6 (Tune 1954) by 


*Reprinted from the 
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permission of AWWA 
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by M. J. SHELTON 


Va ubmutted June ot that year 


rN recommendations 
ind many other 
Che cost of 


particularly 


Nearly all of the 


have 


change h 


been adopted 
ive been mace 


the survey was small 


vhen compared with the tremendous 


benefits that have been realized 


Short! 


itter comple tion of the ad 


ministrative survey, the position of 


‘ 


hianayet Wa crea ed He 
man 


busines 


worl closely with the general 


wer, being responsible for administra 


tive details such as per onnel, account 


housing, 


rela 


ing, billing, purchasing, ware 
omnece 


tion 


procedures and customeyt 


outset that 
1 given procedure or operation would 


lt was determined at the 


sary merely be 
start 


not be accepted as nece 


cause it was long established 
ing with the most flagrant deficiencies, 
were brought about within 


and in the 
oT the board of directors 


Hane 
he oftiec field. and even 


ba I< poli le 


consequence du 


records ] 


were reviewed. In 


plication of ias been elimi 


vreatet labor efficien has been 
ed through motion studies and 
operation, with a 


both re Id and 


extension poli 1¢S 


nated ; 
ach \ 
ncre ised machine 
resulting reduction in 
office personnel ; 
have been improved "ac lear-cut budg 
et control procedure has been adopted ; 
in entirely new system of map records 


trom 
encouraged by 


has been instituted 


employee 5 have 


sugvestions 


been 
and, most 


awards tor those accepted ; 


recently, a pension system has been 
instituted, providing additional em 
benefits that still further 
already low labor 


Some indication of the mon 


ployee will 


decrease an very 
turnover 
etary value of these changes is given 
by the fact that the cost of water de 
livered to the consumer dropped from 
17.2 cents per 100 cu ft in 1948 to 14.0 
cents in 1952. During this period the 
district was also replacing many ob 
olete pipelines and generally improv 
and pres 
than 


ing water quality, quantity, 
actually at a pace 
the growth of the population 


sure greater 


Technological advances are facilitat 
ing, and changes in public attitudes 
and demands are constantly requiring, 
better 


obse vles« ence 158 


higher standards and service 
In such circumstances, 


normal, but it may arrive more rapidly 


Lo Mesa, Lemon Grove and Spring Valley Irrigation Dist., La Mesa, Calif 


than expected. The problem of man 
agement is to establish methods of de 
tecting it, to maintain alertness, and 
to revise operations and procedures as 
appropriate 


Organization and Personnel 


\s previously indicated, the district 
1s governed by a board of directors, 
consisting of five men whose terms are 
staggered. Elections are held every 2 
years and the for 4 


years, [The board operates in the same 


members serve 
manner as a city council, under a sec 
tion of the California water code gov 
erning irrigation districts. An asses 
sor-collector-treasurer is also elected, 
and the board appoints 
secretary, general manager-chief engi 
neer, and business manager. The 
of the employees in the organization 
are hired by the latter. All operations 
are carried out on a 40-hr week basis, 


an attorney, 


rest 


including those of emergency crews 
Overtime is held to an absolute mini 
mum. 

Engineering has played a most im 
portant part in the district’s activities 
in the past few years because of popu 
lation growth in the area. That depart 
ment has, therefore, been enlarged, 
whereas all others are ac tually smaller 
than they were a few years ago. Al 
though the number of accounts has 
more than doubled since January 1948, 
the district has added only one 
ployee to the main office staff and one 
to the outside force 


em 


One of the first steps taken was to 
review the existing salary schedule to 
see that it was reasonably in line with 
that prevailing in other public bodies 
in the area, making due allowance for 
such differences as the absence of a 
pension system for district employees. 
After 1951, when district employees 
were first covered by the Federal So 
cial Security System, it became feasi 
ble to establish a retirement 
which had previously been precluded 
by the large number of employees with 
long service. Such a plan was initi 
ated in 1953, with 95 per cent partici 
pation on the part of those eligible 


system, 


The district now follows a general 
policy of employing younger people 
and tries to obtain college men for the 





more important positions. Experience 
has shown that the additional amount 
paid for a better qualified person is 
more than offset by his greater effec 
tiveness and adaptability 

An innovation started in 1951 
an employee grading and interviewing 
system. Each foreman grades his men 
in every 6-month period, and his re 
port is reviewed by the superintendent, 
who makes notations before turning it 
in to the business manager. The latter 
reviews the grading 


was 


then personally 
sheet with: the employee in a private 
conference; in addition, he asks for 
any criticisms or suggestions that the 
employee might have. These inter- 
views have been most beneficial in im 
proving personnel relations and de- 
veloping better operations { pon com 
pletion of the reviews by the business 
manager, he meets with the superin 
tendent and general manager to go 
over each man’s record and determine 
whether he is to be recommended for 
an increase in salary. The 
mendations are then presented to the 
board of directors for formal action 


recom 


Office Rearrangement 


An early the complete 
rearrangement of the office. In the 
past, there had been an aisle down the 
middle of the office, dividing it into 
two parts. On one side was the “water 
the other, the 
tax department,” each with its own 
counter and collectors. The result was 
that the public would often call at the 
wrong department and have to be re 


change wa 


department” and, on 


ferred to the right one, making for lost 


motion on the part of an employee, 


as well as inconvenience to the cus 


tomer. Even more important was the 
fact that the employees of one depart 
ment never 
work load in the 


Under the new arrangement, the two 


were used to relieve the 


othe 


departments were combined into one 
Small separate offices were eliminated 
ind the business manager was located 
it the rear center, where he could over 
ee all activities. The counters have 
been attractively redesigned, and the 
te lephone switchboard is now situated 
that the 
operator can also serve as information 
clerk. Full use is made of the time of 
ill employees, work assignments being 
given out by the chief clerk In ac 
cordance with the findings of motion 
studies, desks have been so placed that 


near the main entrance, so 


a person takes as few steps as possible 
to perform his job. Maps are easily 
iccessible to both the public and the 
employees. A drinking fountain for 
merly installed at the rear of the office 
for personnel use has been moved to 
the front, so that visitors can drink the 
water which is delivered by the district 


a worth-while public relations de 
vice. A single clerk has been placed 
in charge of a central file, thus mini- 
mizing the possibility of mishling 
while greatly cutting down the time 
consumed in locating documents 

Each person in the office is assigned 
a primary function but works at other 
positions for a sufficient time to become 
thoroughly familiar with them. This 
policy of understudies for all opera 
tions has been applied in every section, 
both in the office and in the field. A 
written job description, describing all 
functions or duties, has been drawn up 
thereby further 
action in the 


for every 
insuring continuity of 
event of absence of an employee 


position, 


Forms 


The administrative survey had indi 
cated duplication and 
lack of coordination in the preparation 
The business man 


considerable 


and use of forms 
ager obtained a copy of every form in 
use and began a study to see whether 
it Was necessary, what was done with 
the information, who received it, and 
whether it was temporary or perma 


nent, Interviews were held with the 


persons who regularly initiated or re 


determine if it 
with 


ceived the farm to 
eliminated, combined 
The number of 


could be 
others, or simplified 
forms in use was reduced materially, 
saving labor, time, and filing space 


Standard Procedures 


\s the administrative 
tion got under way, it became apparent 
that there should be a permanent 
tem of advising all affected persons 
ind at the same time making available 


moderniza 


for the future a ready reference source 
This Wa 


accomplished by the issuance of execu 


on poli 1¢s and procedure . 


tive orders, standard practices, board 
memoranda, and the like. Department 
heads receive issued and 
place them in a loose-leaf book 


they are 


copies as 
whe re 


easily act essible 


Machine Operations 


Before the administrative urvey 
was made, the single billing machine 
on hand had to be operated overtime 
to keep up with the billing schedule. A 
review of billing practices simplified 
the work, eliminated some steps, and 
made possible the preparation of all 
bills well within regular work hours 
lhe meter reader's were re 
vised to assist both him and the billing 
machine operator. The bulky, 
size individual water 
formerly kept on permanent file have 
been eliminated. Billing data are now 
printed on a small card simultaneously 


sheets 


large 


account cards 
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with the customer's bill. The cards 
are destroyed after a year, as a per 
manent record is still available in the 
meter book. Calculating machines, 
typewriters, and other such equipment 
are replaced on a regular schedule in 
order to obtain maximum efficiency 

\ wire recorder, acquired to save 
stenographers time in taking dictation, 
has also proved valuable for recording 
telephone calls and conference discus 
\ photostat machine is used 
to make copies of maps, letters, and 
other documents, and a blueprinting 
machine in the engineering department 
can likewise be employed for this pur 


sions 


pose 


Improvements in machine opera 
tions were not limited to the office, but 
were made in the field as well. In this 
connection, the board of directors’ 
policy of awards for suggestions has 
proved fruitful. A drill 
been adapted for drilling services un 
with very great 
time, labor, pavement repair, and im 


wagon has 


der roads, savings im 


convenience to the public. A small 
service trenching machine was devel 
oped, and study is being given to a 
drill that will permit the placement of 
service inside an old 


a new copper 


ralvanized-iron pipe 


‘ 
» 


Collections 


It has always been recognized that 
peaks in offiee routine should be elimi 
nated, To this end, the district 
for years contracted with banks and 


has 
drug tores to serve as collection ta 


tions. [his policy has been extended 
will 


their 


to include express offices, which 


receive payment at any ol 
branches regardless of location \ll 
bills carry a listing of the collection 
tations, as well as a note recommend 
ing payment by check. This. campaign 
has increased collections through these 
so that the growth in the util 
ity’s business has not necessitated add 
at the office. In fact 


actually been reduced 


media, 
ing more tellers 
the number ha 
a result of the 


by one, as office rear 


rangement 


Calendar Check List 
| he job 


earlier indicate when a certain report 


cle scriptions mentioned 
is due, when contact is to be made, and 
the like. As a further safeguard against 
oversights, the business manager 
maintains a calendar of such items. Re 

lated matters, such as fire and property 
damage insurance, are now attended to 
on the same date, if prac ticable. ‘| he 
business manager, through the chiet 
clerk, reminds the persons concerned 
well in advance of due date 
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e past, an innual 


yeTiuc 


mace by the d 


ected 


vas prepared 
of the busine 
te the efforts ot 
> preparation of 
| to maintain control 
cat every 
i careful study 


init pated 


depart 
ind tabu 
giving 
intorma 


busi 


work 
This 
rit together by the 
atter 

views it with the 


incations 
who, thorough 
general 
he entire budget study 1s 
nted to the board of dire« 
unined in detail with them 
held during June. After 
ption by the board of diree 
budget is used as a guide in 
construction projects Of 
volving capital outlay as 
1] lwo vears of ¢ xperience 
that all 


department head cooperate fully, that 


procedure indicates 
improved coordination im the 
and that 


performed and charged to so 


thnere 


planning of projects, less 
work ? 
called 


! ubstantial 


maintenance accounts, re sulting 
SAVINGS 

listrict tem still has many 
ubstandard pipe in service, 
xisting utilities when 


| his condi 


irom ¢ 
district was formed 
tion, together with the very rapid de 
eclopment of the area, often necessi 
tates unanticipated expenditures. Con 
budget includes a con 


tuations 


equent! the 


erabl fund to meet such 


Communications 


district 
1x radiotelephone 


tf years, the 


is utility having been 
to take advantage of 
it was introduced by 
With expand 

made necessary by the 
irea served, it was ce 
number of 
total of 


tudy showed that 


increase the 

il to a 
units would 
ne cost Of Six additional 
installed by the 


! iio 


inits 

any (based on a 10 

with full allowance for main 

tenance, depreciation, and other ex 
pense rhe principal argument for 
conversion to the three-way radio was 
the fact that the radiotelephone chan 
overloaded, often 
Although a radio 


with all land 


ne had hecome 


causing long delays 
unit is not in 
this disadvantage is offset by 


the conversations 


contact 
phon : 
the ability to hear 
of all other units and thus keep abreast 
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of the tuatior Furthermore, the 


radi cars can communicate not only 
h other but also with the tel 


with ea 


phone operator at the base station, who 


normally handles customer calls 
Emergency from customers 
during off-duty hours present a prob 
lem. In the past, the district listing in 
home 


calls 


the telephone book im luded the 


of all emergency personnel, 


the superintendent. The re 


number 

as wella 
ult was that a customer often had to 
make 
ployes on stan Iby duty. Retaining an 
employee at the office o1 shop at all 
would have been far too expen 


several calls to reach an em 


hour 
ive, and it seemed impractical to have 
the police receive the calls The solu 
tion adopted was to arrange for all 
oft-hour calls to be taken by an an 
wering service, at a cost ol only $25 
Che district informs the 
service of the names, re 


per month 
answering 
sponsibilities, and telephone numbers 
of men on standby duty, so that the 
telephone operator can get in touch 
with the right person, depending on 
the nature of the complaint. In this 
way, off-duty men get their rest and 
the customer has to make only one call, 
which is handled by a trained operator 
Chis service has been in effect 
the beginning of 1953 and has proved 


since 
to be very satisfactory 


Leasing of Automotive Equipment 


Detailed analysis indicated ‘that the 
district might be able to lease automo 
tive equipment at a saving over the 
former plan of operating its own fleet 
ind shops After considerable negotia 
tion with a number of possible bidders, 
the district contracted with one of the 
local dealers for 29 vehicles, 
from sedans to flat-bed and dump 
trucks. The sedans and pickups are 
furnished on a 2-year 
ba 1S, the 


ranging 


replacement 
trucks on a 3-year 
makes all mechani 


cal repairs, supplies oil, batteries, and 


large 
basis The dealer 


tires. and services the vehicles in the 
district's yard at the close of the day 
Che s gasoline and in 
surance 

Che benefits from this program are 
numerous: the district 
modern fleet, which makes a good im 
delays due to 


labor time 


district furnishe 
only 

alwavs has a 
pression on the public; 
repairs are at a minimum ; 
equal to that of 4 
for other 
used only for preventive maintenance 
on heavy construction equipment ; ad 
ministration by the management and 


men is available 


purposes ; the shop need be 


superintendent has been eliminated ; 
purchase orders have been reduced 
one-third ; and inventories of repair 
parts and tires are unnecessary, there 
by releasing funds for other projects 
All this has been accomplished with 


the same cash outlay as was required 
by former operations, but funds pre 
viously tied up in capital have been re 
leased for water main installations. A 
further advantage of the new pro 
cedure is that the costs are known in 
advance for the entire year, payments 
being made monthly at a fixed rate per 
unit. It is planned to place all auto 
motive equipment, except that for 
heavy construction, on a lease basis 
within the next year 


Distribution System Records 


Conversion from irrigation to do 
mestic service brought about 
many changes in the district’s distri 
bution system, which, in turn, have 
necessitated the development of a 
master plan that is annually reviewed 
and amended to meet new conditions. 
System records are the full-time re 
sponsibility of one engineer, who 
checks all facilities installed and keeps 
up with current construction, Draw- 
ings and descriptions are prepared to 
predetermined standards and are filed 
and indexed for ready reference. The 


has 


photostat machine is used to reduce 
record drawings to the property scale, 
and additional data are drawn on the 
prints. This procedure eliminates 75 
80 per cent of the drafting work and 
expense. 


To replace the cumbersome and 
sometimes inaccurate maps that have 
been maintained since the inception of 
the district in 1926, a map-making 
project was started in July 1952. All 
base sheets are now completed and in 
use in the tax department. New wall 
maps are also in use, and pipeline data 
are being recorded on a second set of 
Meters are located 
and type of 


tracings relative 
to property lines ; the size 
service, the account number, 
address are shown; pipeline data in 
clude the date of installation, size and 
type of pipe, work order number, and 
location relative to centerline. Eleva 
tions are shown wherever such data 
are available, and eventually it is 
planned to include contours. Full use 
of the photostat machine has been 
made in reducing layout time by 
bringing record maps into the proper 
scale, so that they can be traced. 


and the 


An attempt was made to contract 
the entire project, but none of the reg- 
ular map-making companies was in- 
terested and engineering 
company’s bid was so much higher 
than the estimated cost that the board 
of directors authorized performance 
of the work by district forces. The 
project is set up as a special depart 
ment, removed from other activities, 
so that the work can be carried on 
without interruption. To date, prog- 


one local 





ress and costs have been well within 
the estimates 


Extension Policies 


[he board of directors has estab- 
lished basic pertaining to 
granting of service to customers who 
do not front on pipelines, as well as 
regarding the installation of facilities 
in new developments. In the former, 
the district requires the owner to sign 
an agreement stating that, when and 
if a pipeline is installed, he will pay 
front-foot costs based on 6-in.. pipe. 
[The document is recorded, and each 
prospective owner of property 
covered is informed of his responsi- 
bility whenever a title search is made. 
Upon the signing of such an agree 
ment, temporary service is given from 
the nearest main. 

Whenever an individual or devel 
oper inquires about new pipelines, 


policies 


SO 


What's Happening In 
Water Works 


The wide-awake water works man- 
ager must consider the future demand 
on his water supply system. This too, 
is part of “Better Administrative 
Practices.” It is not enough for a man 
ager to develop an organization and 
personnel, to arrange the office effi 
ciently, to develop forms and standard 
procedures, to institute machine oper- 
ations, to prepare a budget, to develop 
communication systems, and to main- 
tain distribution records. The astute 
manager, today, must be thinking and 
planning in terms of the future supply 
and demand 

[The importance of the matter of 
supply and demand is shown by the 
charts herewith. These charts were 
prepared by the Water & Sewage In 
dustry & Utilities Division; BDSA, 
U. S. Dept. of Commerce. The charts 
were distributed by the Amer. Water 
Works Assn. with the timely heading, 
“WAKE UP WATER WORKS 
See What's Happening !” 

AWWA added 

Water use is increasing more rapidly 
than population” —‘‘The Public Wants 
Service !’”—*“Water Works Must Meet 
the Needs!” 

lhese charts bear repeated consid 
eration and study. ach water utility 
should apply the same criteria to its 


these comments 


own facilities and do some constructive 
planning for the future 


the engineering department prepares 
a cost estimate and makes a schematic 
layout indicating the size, location, 
and type of pipe, and the location of 
valves and fire hydrants. This infor- 
mation is shown on a printed form, 
which is furnished to the person in- 
quiring, with copies being placed on 
file. The owner must employ a private 
engineer and contractor, as the dis- 
trict not do any construction 
itself, with minor exceptions, Pay 
ment of the estimated cost must, how- 
ever, be made to the district before 
work can start, and the owner has to 
send the district a form letter stating 
the name of the contractor, the 
amount of the contract for installa- 
tion, the expected date of starting 
and completion of the job, and the 
name of the party to whom the district 
is to make payment. Thus, the con 
tractor is assured of payment, and the 


does 


R-31 


work is performed according to plans 
approved by the district. Any funds 
not needed are returned to the owner 
upon completion and acceptance, The 
district makes spot checks to deter 

mine that the facilities are installed as 
planned. The district disinfects the 
new lines and makes the connection to 
the system, All other work is done by 
the contractor, including excavation 
for the district main connection, By 
following this policy of having the 
owner finance the extension himself, 
the district can conserve its funds for 
necessary projects. 

The results of the administrative 
changes described have been gratify 
ing, but a constant search for means 
of further improvement is being main 
tained. It is hoped that other utilities 
will find application for some of the 
measures that have benefited the La 
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Meeting Air-conditioning Growth’ 


by C. K. MATHEWS 


Partner, Burns & McDonnell Eng. Co., Kansas City, Mo 


or cle irabilit o! 


iter used im air cot 
idered differently by 
the utility, and 


misumer 15 


let 
concerned 
t 


co 


his imdividual 


water utility is con 


apacity ot it facili 

upply may be ex 
ity, apart 
water utility, i 
1 proprietor, with the effect 


from being 


yf the con 


anitary sewers and on 


itmiet 


t pl int 


TABLE 1 
Factory Shipments of Room Air 
Conditioners* 


Retail Value 


No. of Units $1,000,000 


hould 


red 


air conditioning be 
pecially, instead of merely 
po ible tor 

is twofold: first, there 


another use wate! 


been a tremendous increase im 


r demand for air condition 


World War II; 
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nee and, second, 


water use in condi 
abnormally 
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nual air-conditioning 


tallation with conserva 
relatively 


day 
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mall quantity of water 


per cent of that required 


pet 
ibout 
and 1s, 


for a nor erved unit) 


herefore, only another normal serv 


Che term “nonconserved air condi 
used in this paper, refers 
that 
water only once through the 


to equipment passes condenser 
Coon y 
unit and then wastes it to the sewer 
conditioning” refers 


which 


Conserved ait 
to installations in a cooling 
tower or evaporative condenser is pro 
for recirculating 


vided cooling and 


the water, The quantity of water a 

tually passing the condenser amounts 
to perhaps only 2 gpm per ton for the 
equipment as 


nonconserved against 
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1954 } by 


*Reprinted from the Jour 
Wks. Assn. Vol. 46, No. 7 (July 
permission of AWWA 
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latter, how 


approximate] 3 gpm con 
served equipment In the 
ever, the water is reused, with a make 
up of approximately 2 per cent of 3 
gpm, or 0.06 gym, On the average, the 
water requirements during the maxi 
mum day will be 1,150 gpd per ton 
of air conditioning, 
against 57 gpd per ton of conserved 
air conditioning, Available data indi 
that about 10,000 cu ft of water 
season will be used with 
nonconserved Actual us 

course, vary with the 
122-day season, ap 
proximately 8.1 mil gal will be used 
per 1,000 tons of nonconserved equip 
tor 1,000 
80° b 


nonconserved 


cate 
per ton pet 
equipment 
aye will, oT 


weather, In a 


ment each degree-hours 


above 

[he rise in consumer demand for 
air conditioning is indicated by Table 
1. The figures include and 
console (up to 2 tons in ca 
air cooled and do 
not, in themselves, affect 
mand. The full year-round air con 
ditioning of homes with central sta 


window 
models 
which 


pacity ) are 


water de 


tion residential units is, however, of 
tremendous concern to the water util 
ity. Past and projected sales of such 
units are shown in Table 2. They will 
range in capacity from 2 to 10 tons 
or more, and most of them will prob 
ably be water Air-cooled 
units are at present available up to 
5-ton capacity, but they are usually 
uneconomical 


cooled 


\ll important commercial buildings 
will ultimately have to be air condi 
tioned for competitive reasons. It has 
) that, when 15 per 
the desirable office space in 


been estimated 
of 
iny city is air conditioned, this service 


cent 


TABLE 2 
Sales of Year-round Residential 
Air-conditioning Systems 
No. of 
Year Systems 
1946 : 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
becomes a competitive tor 
all other buildings in the city 
The number of industries depend 
ent to some degree upon air condi 
tioning is steadily growing. The list 
now includes : ammunition, candy and 
confectioners, cereal and food prod 
ucts, film, leather, paper, pharmaceu 
ticals, plastics, printing and lithog 
raphy, textiles, tobacco, aircraft com 
ponents, Cameras, communications, 
electronics, optical vitreous 
ware, precision equipment, blast fur 
naces, dye works, explosives, 
heavy chemicals, rayon, rubber, anti 
biotics, bakeries, biologicals, brew 
eries, distilleries, and meat packing 
There is another large group 
of industries, such as those involved 
with petroleum chemicals, in which 
cooling or refrigeration is required 
as part of the manufacturing process 
These statistics indicate without 
question that, at least in the next 10 
year period, demands for water for 


nec essily 


goods, 


gases, 


also 


TABLE 3 
Air-conditioning Demand, Kansas City, Mo. 


Air Conditioning 


Year fons 


Air Conditioning 


1942 
1943 
1944 
1945 
1946 537 
1947 4,324 
1948 28,261 
1949 35,316 
1950 41,332 
1951 42,006 
1952 44,520 
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Max. Day Demand—mil gal 


Air-conditioning 
Max.-Day 
Total Demand 

(All Uses) % of total 
84.5 15.1 

73.7 17.8 
78.9 16.7 
85.6 6 
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13.3 
13.6 
14.7 
17.1 
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TABLE 4 
Load Factor, Kansas City, Mo. 


Demand—mgd 


Max. 
Day 
104.7 


27 


Avg 
Class of Service 
Entire system 
Inside city 
Suburban 
Industrial (3 large 
ndustries 
Residential 
mmercia!l (including 
air conditioning) 
Nonconserved air 
conditioning 24.2 
Other commercia 27.4 24 1 


5.62 


2) 


air conditioning will increase very 
If the water used is not con 
served, the quantity required from 
the utility during the summer days 
vill frequently overtax available fa 


cilities, even if steps are immediately 


rapidly 


taken to provide additional capacity 
Che effect will be greater in some por 
tions of the United States—particu 
the central states—than in oth 
depending on temperature and 


larly 
ers, 
relative humidity (see Fig. 1) 

Che progressive eftect of air-condi 
tioning water requirements on the day 
of maximum demand at Kansas City, 
Mo., is indicated in Table 3. It will 
be seen that the maximum daily de 
mand for air-conditioning water in 
1953 was 22.5 per cent of the total 
maximum-day demand. Available data 
for Kansas City, Kan., indicate that 
only about 7 per cent of the maxi 
mum daily demand is for air condi 
tioning. The comparable figure for 
maha, Neb., is 10.6 per cent. The 
lower percentages in these two cities 
reflect the fact that a considerable 
proportion of the system usage is at 
tributable to large industrial custom 


ers. It is important to note, however, 


MEETING AIR-CONDITIONING GROWTH 

















Fig. 1. Annual cooling requirements 


Values are in 
that, in all three cities, a reserve of 
several million gallons per day of plant 
and system capacity 1s required to 
ineet the demand of non 
conserved air conditioning 

The extreme seasonal character of 
nonconserved air conditioning is best 
indicated by the annual “load 
factor” of this service. The ratio of 
maximum-day to average-day demand 
at Kansas City, Mo., is shown in Ta 
ble 4. As the maximum-day rate de 
termines the size of the treatment 
plant and other facilities, these data 
indicate conclusively that noncon 
served air-conditioning water is much 
more costly per gallon than water for 
other services, Calculations for Kan 
sas City show that the cost of the for 
mer is 28 cents per 100 cu ft, as com 
pared with approximately 10 
for other commercial and industrial 
uses. If rate schedules reflected this 
differential, there would be no ques 
the employing 


seasonal 


pe oT 


cents 


tion of economy of 


TABLE 5 
Annual Costs of Conserved and Nonconserved Air Conditioning* 


Cooling- Depre- Main- 
Tower ciation tenance 
Installed 10% (3%) 


$ $ $ 
400 40 12 
500 ( 15 
650 19 
800 24 
,000 


Size 
of Unit 
tons 


Wi 
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,500 
800 


Ww 


* Assuming 1,500 hr of operation per year at temperatures varying from 78° 


aging 85°F; water charge, 20 cents per 100 cu ft 


+ Based on 2.5 cents per kilowatt-hour for 2-25 


+ At 2 per cent of 3 gpm per ton 
§ At 2 gpm per ton 


Power 
for Fan 
and Pumpt Wotert 


450 . : 5( 
85 } ; 65 
,200 ( 8 
100 
125 72 


5 36 


Noncon 
Makeup Operating served 
Cost Water’ 
$ $ $ 


67 96 28 

86 144 58 

113 240 127 

145 360 215 

179 480 301 
) 260 720 460 
334 960 626 
407 ,200 793 
50 475 ,680 


] 
] 1,205 
561 2,400 1,839 


Total 


Saving 
$ 


to 95°F and aver 


ton sizes, and 2 cents for 35- and 50-ton sizes 


degree-hours'* ab 


ve 55 F 


conservation equipment, except, per 
haps, in older buildings, where the 
expense and inconvenience of install 
ing the necessary plumbing might be 
excessive. [he comparative economy 
of cooling-tower conservation versus 
nonconserved use of city water at 20 
cents per 100 cu ft is shown in Table 
5. At this price for water, conserva 
tion equipment is economical 
for small installations, Such a charge 
although not intended as a penalty, 
would have the same effect as an out 
a regulation re 


even 


right restriction o1 
quiring conservation equipment 

If the source of supply is inade 
quate, the obvious solution is to pro 
hibit nonconserved air conditioning by 
ordinance, A model ordinance of thi 
type has been published as part of an 
\WWA committee (3) 

Ihe establishment of a rate sched 
ule to include charges for 
nonconserved air-conditioning service 
is politically difficult, especially when 
the existing schedule provides a de 


report 


proper 


creasing charge as the quantity used 
increases, Likewise, a restrictive ordi 
nance is unpopular, because “the free 
use of water is to be encouraged” and 
“the utility 
ter.” The alternative procedures—to 
restrict the water for lawn 
sprinkling on hot summer days or to 
raise large amounts of money to build 
more utility plant—are also politicall, 
inexpedient. The problem is too seri 
ous, however, to be ignored merel: 


is in business to sell wa 


use of 


because the measures for dealing with 
it may be disagreeable 
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Legal Problems Confronting Water Works 


Management” 


by JOHN H. MURDOCH JR. 


Vice Pres. and Counsel, Am. Water Works Service Co., Inc., Philadelphia, Pa 


te keep this paper within tolerable 
length, consideration of many interest- 
ing legal problems must be omitted entirely 
and the answers to some of those studied 
must be indicated by statements of general 
legal principles applicable to a wide variety 
of factual situations. Two subjects will be 
discussed [1] water works liability for dam 
uges caused by negligent operation; [2] 
weighing the public interest in water sup- 
ply against property rights. Usually the 
term “water works” will be applied, without 
distinction, to both publicly and privately 
owned systems, and will mean an enterprise 
offering public water supply service 


Water Works Liability 


In the law of negligence there are cer 
tain words and phrases which are used so 
ften that a knowledge of their meaning is 
essential to an understanding of the state- 
ments of legal principles in which they are 
ed. The first word to be defined is 
negligence.” Negligence is the failure to 
bserve, for the protection of the interests 
of another person, that degree of care, pre 
vigilance which the circum 
demand, whereby such other 
suffers injury. Negligence is the ab 
want of care which a reasonable 
would under the circum 
tances (Maternia v. Pennsylvania Rail 
road 358 Pa. 149). Any conduct which falls 
helow the standard established by law for 
the protection of others against unreason 


ible risk of harm is negligence 


aution, and 
tances justly 
perso 
enet f 


man exercise 


Thi lefinition of negligence in turn 
of the phrase “standard 
tablished by law.” It means 
f conduct as would be fol 
man under like cir 
1 reasonable man? He 
ing those qualities of 
dge intelligence and 
requires of its 
the protection of their own 

und the interests of others. Negli 
luct may be either: [1] a failure to 
necessary for the pro 


a definition 


nable 


ocrety 


e of another and whict 
ity to do: or [2] an act 
a reasonable man should 
an unreasonable risk of 
on of an interest of an 


*Reprinted from 1.A.W.W.A., Vol 
f the 


44, p. 1085 


permission Association 


w.&8.W Rererence & DaTra—1955 


The last definition can be understood only 
if “unreasonable risk” is defined. It means 
a risk which outweighs the values attached 
to the conduct which involves it. “The oper- 
ation of railways and other public utilities, 
no matter how carefully carried on, pro- 
duces accidents which kill or harm many 
people, but the risk involved in the opera- 
tion is more than counterbalanced by the 
service which they render to the public” 
(Restatement of the Law, Torts, Section 
292). Because of this counterbalance in 
favor of the operation, it is not an unrea- 
sonable risk which is involved. On the other 
hand, driving a car at 50 mph through a 
business street during the rush hour on a 
mere pleasure trip would be conduct involv- 
ing an unreasonable risk of harm to others 
Ihe pleasure trip at that time, place, and 
rate of speed does not have enough social 
value to counterbalance the dangers in- 
volved 

In theory it is probable that all conduct 
involves risk, but a reasonable man need 
weigh only those circumstances which he 
knows or should know at the time of his 
action. A reasonable man is not assumed to 
be all seeing, all knowing or clairvoyant 
He need not refrain from conduct having 
social value because he fears there may be 
evil consequences traceable to elements in 
the circumstances which he does not know 
or could not know through the exercise of 
reasonable prudence 


Water Works Risks 

In water works enterprises, the standard 
f conduct established by law is the course 
of conduct which would be recognized by 
good water works operators—considered as 
uch by this Association—to be the course 
of action which should be followed by a 
fellow water works operator under the cir 
cumstances. A water works operator is 
negligent when he fails to act or when he 
acts in a way which does not measure up 
to what well-grounded, careful, considerate, 
but active water works operators think 
should he proper action. Particular atten- 
is directed to the definition of unrea- 
risk as “a risk which outweighs 
attached to the conduct which 


thon 
sonable 
the y alue 
involves it 
Many water works operations involve 
elements of risk, but if the community con- 
siders that the social value of the operation 
outweighs the risk of harm, then water 
works operators are not guilty of imposing 
and unreasonable risk on others by carry- 


ing on those operations. The water works 
is liable for damages only if water works 
action caused the damage and if the action 
involved an wumreasonable risk. Thus, a 
high-pressure water line in a business street 
may burst. There is, therefore, a risk in 
placing such a line in such a place, but the 
community needs that line in that street and 
the utility of having the line there—its 
social value—outweighs the risk of harm. 
The act of placing the lines does not im- 
pose an unreasonable risk. If, despite the 
fact that the line was properly installed and 
the pipe was of proper class for the condi 
tions, it bursts and floods adjacent base- 
ments, there is no negligence and no liabil- 
ity for damages. On the other hand, if the 
line was improperly laid on an unsound and 
unstable foundation and injury is caused by 
a resulting break and flood, then damages 
could be collected because the lack of care 
in laying was an act which imposed an un- 
reasonable risk and was not up to the stand 
ard of a reasonable man. 

The same legal principles are involved in 
passing upon questions of liability in other 
features of water works enterprises. If a 
water works operator knows, or by the ex- 
ercise of reasonable care should know, of 
dangerous conditions and fails to correct 
them, the water works would be liable for 
damages to one injured if the injury was 
caused by the dangerous condition. Broken, 
sunken, or protruding valve box or meter 
box covers are typical examples. Slight ir- 
regularities in a pavement resulting from 
such box covers can probably never be 
avoided, and would probably be held not 
to impose an unreasonable risk on pedes- 
trians or drivers, but an irregularity which 
is sO pronounced as to make injuries a 
probability and which has existed for a 
substantial length of time so that the water 
works men should have seen it and repaired 
it, would impose an unreasonable risk 

Connections between a public potable 
water supply and a nonpotable supply on 
the premises of a customer, or interior 
plumbing conditions or practices making 
back-siphonage of contamination into the 
public water system a possibility is a con 
troversial point. If a waterborne disease de- 
veloped as a result of such a condition, 
would the water works be liable? The point 
is controversial because some state depart 
ments of health seem to feel that the water 
works should assume the responsibility of 
making inspections of consumers’ premises 
to discover and correct such dangerous con- 
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A water works must, at its peril, furnish 
water which is for domestic use. It is 
also required by regulatory bodies and the 

urts to supply a water which is reason 
of turbidity, color, taste and odor 
it must do the best it can in these 
respects, considering all the circumstances 
It is not required to do what is practically 
impossible, and some veriations in quality 
due to emergencies or drought are not 
ormally considered evidence of poor man 
The water works is not expected 
to all of its customers water of a 
aracter needed by some one or 
customers. Thus, if a manu 
water free from all color 
or having some other special characteristic 
not demanded by the customers in general, 
failure to furnish this special type of water 
vould not be grounds for legal action 
manufacturer was led to expect 
und rely on the works furnishing 
ich water, | reasonable man 
notify the manufacturer, if possible, 
a change in water quality took place 
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Fluoridation 


From the standpoint ot a lawyer, the 
problems involved in flouridation are prob 
hich come under the law of negli 
For the purposes of this discussion 
it is assumed that the community has taken 
ill appropriate action to indicate a desir« 
for fluoridation and that the equipment and 
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ence 


to be employed have been approved 


the proper health authorities. It is also 

at the general community recog- 

that the addition of fluorides to the 

water suply in the indicated amount 
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negligent 
g period of time had put excessive 
iantities of fluorides mto the water. The 
water works manager knew the danger and 
knew that the risk ol ch a re was 
not outweighed, m the minds 
reduction in 
works would be subject to 
works would be tound 
to have acted negligently in permitting the 
excessive dosage over a long period. Ih 
excessive dosage, not the engaging in the 
approved program, imposed the unreason 
able risk on the community. In view of the 
assumed scientific determination that the 
experienced results would not come about 
except aiter continued overdosage for a 
long period, the courts would probably say 
that negligence was the only inference that 
could reasonably and legitimately be drawn 
from the circumstances. The doctrine of 
“res ipsa loquitur” (“the thing speaks for 
itself”) would aply and the time, place, and 
manner of the negligent acts would not 
have to be proved 
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would, however, be no liability if 
unforeseen adverse side effect 
developed, because an actor is only re 
sponsible for failure to consider circum 
stances which he knows or should know 
The water works operator had no means of 
knowing that these side effects would ck 
velop. Therefore, he was not negligent. To 
a lawyer the fear of suits for 
damages based on such unforeseen side 
effects seems groundless 


suce essful 


Public Interest and Property Rights 


[wo recent cases involving water works 
be mentioned because, in deciding 
applied legal principles 
water works managers should know 
was decided by the Supreme 
Errors of Connecticut at its June 

term, 1951, and the second by the Court of 
Appeals of Kentucky on Mar. 28, 1952, as 
extended on denial of rehearsing on June 


20, 1952 . 
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In the Connecticut case the Greenwicl 
Water Co. held a statutory right to take 
from the Mianus River but this 
right was subject to the riparian 
owners of property 


water 
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developed. By pumping some of the flow of 
the Mianus River, the company 
to maintain some service. Under 
umstances, a group of influential ripariar 


owners went into court seeking ar 


was able 
these cir 


inj une 


tion to restrain the company trom diverting 
any of the waters of the stream. (it is in 
teresting to note that the trial court tou 
as a fact that “a water company in the 
situation of the defendant should plan ior a 
supply of water to meet conditions as they 
will be at least ten and preferably hitees 
or twenty years in the future.” ) trial 
court refused to restrain the pumping trom 
the river and the riparian owners appealed 


rhe 


The Court of Errors in its 


muon stated 


»uprenk 
water without 
wiliul and, except 


interest 


Ihe diversion of the was 


claim of right, was 


sidcr | ine puvikk 
was inexcusabk It is 
the court's discretion to deny an 


well with 
injunction 
against the intringement of riparian rights 
it to grant it adversely affect the 
interest of the publi Under the ci 
cumstances equity demanded that the 
defendant be allowed a time 
within which to make adequate compensa 
tion to the plaintiffs for the permanent 
taking of their water rights if it intends to 
acquire them, and, if that compensation is 
not made within such reasonable time, the 
defendant should be enjoined from further 
waters of the stream 


would 


reasonable 


diversion of the 
{Author's italics. |] 


In short, the court held that the tem 
porary emergency invasion of the property 
rights of the riparian owners should not be 
restrained where such restraint would ad 
versely affect the interest of the public 
Water works managers must never forget 
the public interest—the public nature—ot 
their work 

The second Daugherty v 
of Lexington, et al., 249 S.W. 2nd, 
The opinion of the Court of Appeals of 
Kentucky, as extended on denial of re 
hearing, was delivered June 20, 1952. The 
very complicated ques 
law regarding zoning 
compli ated questions ol 
pleading and practice, but none of 
questions is of particular interest to water 
vorks managers. The point which is of 
great is the court's attitude toward 

property owner's plan to develop his own 


Cily 


755 


case 15 


' 
involved some 
statutory 
more 


case 
tions on 
and even 
these 


interest 


way as to endanger a 


upply 


opert in such a 


rce of public water 
permit from the 
Fayette County for 
tation 
property, wl 


Daugherty sought a 


board of adjustment of 
the erection of a restaurant, gasoline 
ind tourist cabins on his 
was 1,100 ft. from the reservoir of 
Water Co The 
is between 20 and 


lake 


waste 


elevation 


Lexington 
| 
i 


laugherty’s property 
ft. above the water 
Daugherty proposed to care for the 
development with two separat 
eptic tanks, one of 1,000-gal capacity and 
the other of 500-gal capacity each draining 
septic field of drain tile 
The board of adjust 


permit because the pro 


elevation of the 


from his 


inte a eparate 
in crushed rock fill 
denied the 
posed methods for 
f sanitary 
by the county 


ment 
vf and dist 


beet 


water sup 
had not appr 
health officer, That 
rove those plar aying that 
ly i terms of healt 
topogr ipl y of land is 
Daugherty contended 
method of 


adequate 


waste 
heer 
refused to apy 
he thought or public 
safety and the 
| area 
posed 
ompletely 
ory and safe as it is 

» obtain; that it 


It hazard to the oublix genera 


will 


the proposed use of his property conetitut: 


ind natural use and that t 


his pr 


a reasonable 
prevent him from so using perty, i 
order to protect the purity of the water ir 
the reservoir lving below his ! 
taking of his property 
satior not for the 


and, amount 
without jiuet 


henefit of the 
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ra ut tk the benefit ia 


rporation 


His pleadings did not 


is disposal system would not 


purit ot th water 1 thie 
ie nm the 
water 
be paraphrased from the 
Did the health office 
istrment act arbitrari 


ot the 
works operators ar¢ 


aspect 


with the sole I 
te property 
ompany 


decided 


and 


ubstance 

management corpora 

a reasonable pront 
ity 


to convert 


| 


ise must be measured 


nterest in determining 
onablenes 

mts property 

langer the s 

i 

italics 
hat a property owner 
t to 
it has m 


contaminate a 
j right 
inden is on the prot 
that his propose i 


irity of the 


even 


vater in 
longer this 
water works be com 
the purity of 
hetore taking actior 
first. The Ken 


vith but in a 


under 


| 
supply 


ense a further development ot, a doctrine 


announced in many other jurisdictions 


Other 


Iwo older cases in Pennsylvania may 
be cited as fairly typical. ln Commonwealth 
and Butler Water Co. v. Russell 
et al, 172 Pa 506, the Supreme Court of 
Pennsylvania reversed a decree of the 
ower ocurt against the commonwealth and 
company and sent thé case back 
for full hearing on the tacts. The appellate 
court opinion suggested certain questions to 
onsidered after the facts had been de- 
veloped. It said one question was: “whether 

other words, the Commonwealth, in the 
exercise of its police power, may not limit 
and restrict the individual in the exercise 
of admitted rights, when the welfare of the 
public requries it; or whether it is indeed 
true that the ownership of a few acres of 
and, or a leasehold interest therein, gives 
to the holder an unqualified right to destroy 
the water supply of a city Che court 
did not answer these questions directly but 
its thinking was indicated and well 
mderstood. In Pennsylvania Katlroad et 
al. v igamore Coal Co. et al., 281 Pa. 233 
(Cert. denied 267 U.S. 592) the Pennsyl 
vania Supreme Court, direct 
answer to the questions suggested in the 
Sutler In the opinion it was said, “It 
has always been under our law a 
to pollute a stream from 
gets its supply of water 
not be such a thing in the law a 
right to do a wrong Our 

that defendants have no 

kind their mine 

tream considering the public 1S¢ 

ind that their 

constituts a nuisance 
- 


Court Decisions 


ex rel 


the water 


be « 


was 


in effect, gave 


case 
nuisance 
which the public 
| | ere could 
a property 
conclusion 
any 
into the 
which is 


right of 
to drain waters 


made of its waters doing so 
which must be re 
trainec 
such thing as a 


wt 
publ 


T here is no property 


Even 


ic water suppl 
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" 3¢ FOR CLEANING 


5¢ FOR DRINKING 


g 3¢ FOR MISCELLANEOUS USES 


t endanger such a supply may be re- 
strained by the police power of the state 
and the affected landowner need not be 
compensated 


Other Problems 


Only a very few of the legal problems 
of water works managers have been touched 
upon. The legal problems involved in keep- 
ing water works enterprises—both publicly 
and privately owned—financially strong 
enough to give the type of water service 
which the communities really need are th« 
most pressing problems which face water 
works managers. Discussion of these prob 
lems would require much space and s¢ 
must be omitted. The impact of inflation 
on all water works operations when courts 
and regulatory bodies tend to give pre- 
dominant weight to original deserves 
the careful attention of the water works 
man. If rates are based, in effect on the 
average net investment in utility plant and 
property, those rates must be adjusted up- 
ward very frequently. Otherwise new cus 
tomers become a burden, because the in 
crease in net plant and property per added 
customer goes up each year of inflation and 
is usually at least double the average in- 
vestment per customer at any time. Further- 
more, consideration might well be given by 
water works men to the legal problem of 
determining a fair rate of return. Is a rate 
fair which is merely equivalent to the rate 
of return now demanded by new investors 
who put in the presently devaluated dollars, 
if it is to be applied to existing investors 
in common stocks who put in the old-time, 
“100-cent” dollars? The older investor's 
ability to buy bread is lessened although he 
may have the same number of dollars 
Wage earners get more dollars now than 
they did before inflation. Why not give the 
holder of common stocks of water com 
panies the same hedge against inflation? 


cost 


WHERE THE 


WATER DOLLAR GOES 


Here is an interesting and enlightening chart taken 
from the 22nd Annual Report of the Water Depart- 
ment, Springfield, Ill. 


It is based on a survey made by H. V. Pedersen, 
Water Supt., at Marshalltown, lowa, to determine 
what percentage of water in the average consumer's 
home goes for various uses. 


The Springfield folks have taken these percentages 


and made them more real to the customer, by show- 
ing him that out of every dollar paid for water used 


mer. 


45¢ FOR 
TOILET FLUSHING 


it only cost him 1 cent to wash his car, only 4 cents for 
laundry work at home, 3 cents for sprinkling in sum- 





Industrywide Safety Program’ 


N 1951 an AWWA task 
reporting its 


group | ] ) 


findings on satety 


practices in the water industry 


cluded that 


con 


With 


vater works industry Is not safety 


some tit yttable 


M xceptions, 
+} 


eS YY 


conscious 


rate ot disabling 
injuries in utilities in 1949, as 
reported by the National Safety Coun 
lhis compares 
unfavorably with the other 
electrical, 14; and 
communications, 2 


3. The 


wate! 


Lhe frequency 


wate! 
cil, was 33 figure 
rather 


utilities gas L7 


rate tor 
industry for 1949 
equal to the 
industries 


accident severity 

| 
WOTKS 
as approximately 


] 


national average for al 


It must be understood that the wa 


ter indust1 higures were based on 
less than 
0.2 per cent of the total ot 17,000 op 
Although the 
minute seg 
they cde 
lor 
experience in 
satety 
enough to keep records was worse 


utilities with estab 


conditions tn only 33 utilities, 


erating units involved 


figures represent only a 
ent of the water 


tl at its best, 


industry, 


lé situation it may 


be presumed that the 


iter works not even con 


sc1lous 


than in the 


} 


Tew 
ished programs 

lhe task group report also indicated 
safety program was 
to small utilities 


that the lack of a 
For ex 

questionnaire survey of 153 
showed that 5 of 


not confined 
imple 
towns 14 water utili 
ties serving more than 500,000 people 
reported having no safety program in 
1951; the true of 27 of 49 
utilities in the 100.000 500,000 group, 
1? of 69 in the 30.000 100,000 group, 
ind 15 of 21 in the 10,000-30,000 
Chis analysis gives a repre 
sentative view of the satety 
industry in 1951, with 
question 


sAlTie Was 


group 
extent ol 


practice in the 


one major the 


lid 


c xception 


naire ¢ not include the water utili 
than 
10,000, which comprise the great ma 
ority ot plants It 
thie 
these small pl 
hus, it 


that a real 


ties serving a population of less 


is known, how 


ever, that practice of safety in 
virtually nonex 
ipparent in 1951 


ob was needed to 


ints 1s 
istent was 
elling 

establish an adequ ite safety 


lustr’ 


program 


for the in 


Water 
1954) 


Amer 
{ lune 


*Reprirt ted from the Jour 
Assn. Vol. 46. No. 6 
AWWA 


. 
W orks 


by permissior f 


by RAYMOND J. FAUST 


Obstacles to Program 


\ consideration of the size, orgam 
financial the 
water industry may reveal why it has 
lagged behind other utilities in adopt 
program. The number of 
utilities in the United States is 
almost twice the total of gas, electric, 


zation, and aspects of 


ing a satety 
water 
ind utilities 


communications com 


bined, The promotional effort needed 
to establish a safety program at every 
theretore, 


greater than that 


much 
other 


water works ts, very 


required lor 


utilities 

Furthermore, 99.3 per cent of the 
17,000 water utilities may be classified 
as small businesses, because they serve 
towns with less than 100,000 people 
and have an operating torce of be 
tween one and 100 employees each In 
fact, 93 per cent ot the water utilities 
16,000 units 


small businesses, 


that 1s, almost may 
be classified as 
they with 


than 10,000 people and employ one to 


very 


because serve town less 


ten employee s each. These figures be 
realized 
small businesses generally 


come when it is 
that 
been slow in adopting safety programs 
and that two-thirds of all 
injuries occur in businesses with few 
100 workers. Thus, by itself, 
preponderance of small 
the 
present position of safety in the in 
dustry. So-called big business in the 
industry comprises only 0.7 per cent 


significant 


have 
industrial 


er than 
this great 


operating units largely explains 


of all water utilities; only 93 organi 


zations employ 100 or 


3.000 ; 


more {up to 
persons 

\nother fact of importance is that 
70 per cent of the water utilities, num 
bering approximately 12,000, are 
owned publicly and locally and oper 
ate without outside direction or help 
In theory, utility’ 
tive structure should 
rate divisions for treatment, pumping, 
distribution, 
commercial 


administra 
include 


cnt h 
sepa 
meters, transportation, 
activities 
safety 
utilities, 


enginecring, 
In the vast 
this 
than 
the number of employees Obviously 


management, and 


majority of however, 


number of divisions is greater 


30 elaborate an organizational setup 


In many small 


utilities, 


is out of the question 


publicly owned water ome 


man takes care of all divisions and, 
chief of police and 


superintendent of street ewers 


in addition, is 


and 


Exec. Asst. Secy., American Water Works Assn., New York 


parks, while, in his spare time, he acts 
as truant officer, It should be appar 
ent that, in these circumstances, only 
immediately will 


what is necessary 


get done. Such refinements as satety 
are inherently abstract considerations 
and a formal safety program has little 
chance of being established or main 
tained 

Finally, water utility personnel gen 
underpaid, The result is 
that the industry fares poorly in bid 
ding for the 


erally are 


more highly skilled and 
Under this added 
handicap, new ideas or program 


trained personnel 
are 
not readily assimilated into an already 
underdeveloped organizational struc 


ture 


Safety Campaign 

Le spite these difficulties, the safety 
problem is being intensively attacked 
In 1950, at the urging of Wendell k 
LaDue, Chief Iengr. and Supt., Bu 
reau of Water and Sewerage, Akron 
Ohio, and Chairman, AWWA Com 
mittee on Water Works Administr: 
the AWWA Board of Director 
approved the appointment of a tasl 
group to and report on the 
tatus of in the industry. Pub 
lished in 1951, the report (7) pointed 
out not only the need for the applica 


ton, 


study 
satety 


tion of safety practices in the industry 
hut also the advisability of a more de 
tailed study The 
plished by setting up four task groups 
assigned respectively to study safety 
as it applies to: [1] supply; [2] treat 
ment and pumping; [3] distribution ; 
and [4] administration. A report on 
these studies appeared in 1953 (2) 

With interest in safety accelerating 
AWWA member the 
of Directors, in 1953, approved the 
preparation of a satets 
lhe were 
united in thi 


latter was accom 


among Board 


water works 


manual four task groups 
effort in a 16-man com 
to do the job. The first rough 
draft of the text has already been pre 
s4 heduled 
1954 
| When the manual becomes available 
notice will, of 
JOURNAL. | 
illustrated 
ketche 


miuttec 


pared, and the document i 
for completion by the end of 
course, appear in the 
The manual will be fully 
with photographs and 
work 
assignment in the industry. It is ex 


covering almost every 


pected that it will be especially helpful 
afety 
well 


In promoting the adoption ot 


programs in the small utilities, a 
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© pl ctice Ol Sale 


and Willing Wa 


and sto 
during 


pape! 
of satet 
I he se ar les 
before the 


vhat 


ibiect 

nd poimt vut 
iccompli hed 1n 
excellent satet per 
| 


recoTa 


industry 1s the 
32 employees of the 
in 1952. Only one 
er | uffered in 
this out 
National 
Akron with 
\ description of 
has been pub 


vork, For 
vement, the 


resente d 


program which has 
considerable success is that 
itv, Mo., Water Dept 

1951 the department 

tep toward establishing 
program. Results were not 
delayed. A check 
iowed that the cost of 


dey irtment was $4 360 for the 


of the records 
carelessness 
to the 
period Marcl eptember 1952, com 
pared with $16,473 for the same pe 
195] l hese include 


vages paid to injured employees while 


riod it costs 


because of 


and 


working 


tive were not 


i! nyuri doctor hospital 
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and settlement of claims tor n 
and damage to property. In 
six months, $12,113 was saved on 
these items, all of which are directly 
affected by a safety program. Success 
of this type are proof that an 


bills , 
juries 


stories 
program is possible in 
Man of the 
established 


etiective saltety 


the water industry 


AWWA have 


practice committees to study 


sections 
satety 
the problem regionally. The sections 
ire also scheduling papers and panel 
discussions on safety at their annual 
Thus, the 
preading to the local 


meetings program 1s 
levels, where 
most readily to the 


it can hn sold 


superintendents 


Conclusion 


lo date, the results of eftiorts to es 
tablish safety programs in the in 
dustry have The 
enthusiasm developed by many mem 
bers of the industry has given the 
AWWA safety practice committee 
reason to believe that the program is 
gathering lhe job of 
winning over the operators of small 
plants, still to be done 
lo accomplish it, and well 
directed educational campaign is ne 
Fortunately, the water in- 
dustry has many short-course schools 


been encouraging 


momentum. 


however, is 
a strong 


cessary 


available to carry out this assignment 


[hese schools were established years 
ago, principally by the state depart 
ments of health, to teach water plant 
operators the skills needed for the 
treatment and quality control of pub 
lic water supplies. It took at least 40 
years to disseminate the technical 
knowledge that has made water-borne 
diseases largely a thing of the past 
Che objective of a safe work environ 
ment at every water plant should not 
take nearly so long to achieve as did 
the objective of making all supplies 
bacteriologically safe. With the ad 
vantages of an established educational 
system, a strong national association, 
and the will to succeed in making the 
employees’ environment as safe as the 
water they produce, the difficulties of 
realizing an industrywide safety pro 
gram can and will be overcome 
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Safe Practices in Chlorine Handling 


From a Report 
by 


THE JOINT COMMITTEE ON CHLORINE SUPPLY 


. 1S ESSENTIAL for persons re- 

sponsible for the handling and ap- 
plication of chlorine at any installa- 
tion to have a relatively comprehen- 
sive knowledge of the characteristics 
and properties of chlorine 
GENERAL RECOMMENDATIONS 

1. Only reliable men whose training 
in the handling of chlorine is com- 
mensurate with their responsibilities 
should be permitted to handle chlor 
ine 

2. Chlorine and chlorinator rooms 
should be provided with adequate 
ventilation. In large installations, sub- 
surface installations, or in buildings 
occupied by containing 
equipment subject to chlorine attack, 
a separate and reasonably gas-tight 
room, equipped with mechanical ven- 
tilation which will change the air twice 
every minute, is considered essential 
and is required by some local and state 
regulations. Exhaust duct ports 
should be at floor level and ducts 
should terminate through a complete 
ly separate exhaust system to a loca 
tion high enough to insure atmos 
pheric dilution without endangering 
personnel or adversely affecting prop 
erty in the \ir inlets should be 
located across the room from exhaust 
ports, with the air of such temper 
ature that it will not affect the chlorin 


persons or 


area 


ation equipment adversely 

Shutoff valves should be provided 
near chlorinators if the connected 
chlorine containers are in a separate 
room or a considerable distance from 
the chlorinators, Switches for fans 
should be outside the room, 
entrance The vent hose for the 
should 
outside atmosphere, 


and lights 
at the 
chlorinator discharge to the 
above yi ide 

suitable number of gas masks 
United 
chlorine 


3 4 
oT types approved by the 
States Bureau of Mines for 
should be provided and persons em 
ployed in the handling of chlorine 
should be trained in the use and main 
masks 
ocated outside the probable 
so that it will 
them in case of 


tenance of the (,as masks 
should he 
i oT 


be possible to re icl 


contamimation 


used 
should be 
several locations 

leaks \t 
stick, 
ammonia-water, 
area \ 


‘ hloride 


. . \\} hh} > 
emergemn \Where chiorine 


over vA ice areas 


masks 
teats) 

AValiAnDIC In 
+. To test for 

tach a cloth to 


the cloth with 


chlorine 
one end of a 
soak 
and appl to the suspected 
white cloud of 


will 


ammonium 


result if there is any leakage 


5. As soon as there is any indica 
tion of the presence of chlorine in the 
air, steps should be taken to correct 
the condition. Chlorine leaks always 
get worse if they are not corrected 
promptly. Solvay Emergency De 
vices, Kits “A,” “B” or “C” should 
be available for stopping leaks in 
chlorine containers and men should 
be trained in the use of such emer- 
gency equipment, Telephone your 
chlorine supplier or any chlorine pro- 
ducer if you need help. Always wear 
a gas mask when correcting chlorine 
leaks. If a chlorine container is leak 
ing in such a position that chlorine is 
escaping as liquid, the container 
should be turned so that chlorine gas 
escapes. The quantity of chlorine 
escaping from a gas leak is about one- 
fifteenth the amount that 
from a liquid leak through the same 
size hole, At regular points of stor- 
age and use, emergency preparations 
should be made for disposing of chlo 
rine from leaking cylinders or ton 
containers, Chlorine may be absorbed 
in caustic soda, soda ash, or hydrated 
lime solution, Caustic soda is recom 
mended as it absorbs chlorine most 
readily. The proportions of alkali and 
water preferred for this purpose are 
given in the following table 


esca] CS 


RECOMMENDED ALKALINE SOLUTIONS FOR 


ABSORBING CHLORINE 
Caustic Soda Seda Ash 


Gals. Los. Gals. Lbs. 
Chem. Water Chem. 


Hydr. Lime* 
Gals. 
Water 


Chlorine 
Container Lbs. 
Lbs. Met Chem. Water 


0 25 00 100 125 1 
0 - 4s0 0-150 188 6-188 
6000 


000 S00 800 2000 00 


* Hydrated lime suspension must be continu 


agitated with vigor while chlorine is being ab 
hed 


6. Containers should be stored at a 
moderate temperature. lk lames or di 
rect heat should never be applied toa 
Chlorine containers 
nected to apparaus should be 
tected from a temperature higher than 
that of the equipment. When a num 
ber of containers are connected to the 


containe! con 


pro 


ame manifold, chlorine may go from 


the warmer containers to the colder 
ones, which could result in filling some 
above the safe limit. The heating of 


containers involves danger because the 


fusible plugs are designed to soften 
or melt at a temperature between 158 
and 165°F At 


temperatures above 


180° F, dry chlorine will attack the 


steel of the cylinders 


7. Avoid dropping or bumping 
chlorine containers, Containers should 
be securely fastened to prevent tip 
ping or rolling. 

8. Valve protection hoods on clyin 
der and ton containers should always 
be kept in place except when such are 
being emptied. Never hoist cylinders 
by the hood, 

9. Keep valves of cylinders and ton 
containers closed at all times when not 
in service, 

10. Store full and empty cylinders 
and ton containers in different places 
to avoid confusion, It is good prac 
tice to tag empties, 

11. Put cylinders or ton containers 
in service in the order in which they 
are received, Cylinders and ton con 
tainers in active use should be located 
on a scale, so that the operator may 
know at all times the amount of 
chlorine in the cylinder or ton con- 
tainer, and also for purpose of record 
Ing chlorine used, 

12. Use nothing 
fitting for connecting 
tainers. Never use pipe 
chlorine valves, 

13. The following first aid meas 
ures are recommended for persons ex 


but approved 
chlorine 
fittings on 


con 


posed to « hlor ine 


First Aid, 1, Carry patient from gas 
area. Patient should preferably be kept in 
a warm room (about 70 degrees Fahren 
heit). Supply blankets if necessary. Keep 
patient warm and quiet. Rest is essential 

First Aid, 2, Place patient on back with 
head and back elevated 

First Aid, 3 


ately 


Call a physician immedi 


First Aid, 4. Splashes of liquid chlorine 
and chlorinated water destroy clothing, and 
if such clothing is next to the skin will 

irritation and acid burns. In such 
remove clothes and keep 
with blankets 

First Aid, 5. A carbon dioxide 
gen mixture with not to exceed 7 per cent 


provide 
cases patient 


warm 


and ORY 


given. Thi 
sold with the 
administered 
two 


of carbon dioxide may be 
ture, ready prepared, and 
apparatus, can be 


mix 
necessa’ry 
minutes 
ovel 


periods ot 
minute rest period 


intermittently for 
followed by two 
a total period not to exceed thirty minutes 
Instructions of the purveyor of the ga 
should be liowed, If 
dioxide and mixture is 


apparatus carefully { 


a carbon oxyuen 
not readily availabie, oxygen alone may 
he used 


First Aid Milk 


as a relief from throat irritatior 


may be given in mil 


If breathing has apparently 
ssure 


First Aid, 7 
tart immediately the back pre 
arm lift method of 

First Aid, 8. Provide 


have been pre cribed by 


eased 
resuscitation 

First Aid as 
the physiciar 


may 
pe nd 
nl his arrival 


« 
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SIMPLE SIDE CHANNEL (inset) was built for this Worthington com- 
minutor at Klamath Falls, Oregon, because Mr. E. A. Thomas, the 
City Engineer, wanted to use the existing channel as a by-pass. 


Low installation cost swings 
Klamath Falls to Worthington 


directly from its packing crate and set right in the 


Since the Worthington comminutor is designed so 
channel in a minimum of time. 


that raw sewage flows straight through its screen, it’s 


easily installed in a straight rectangular sewage 
channel 

Result? Expensive masonry work is not needed, 
which makes for simplified, low-cost installation 


Easy-to-remove cutter racks for occasional sharpen- 
ing and the built-in flood protection provided by a 
mercury seal are other advantages of the Worthington 
communutor. 


Get all the facts and figures on the rugged 
Worthington comminutor. Check with your nearest 
Worthington district office. Or write today for new 
engineering manual on comminutors, W-317-B17. 
Worthington Corporation, Public Works Division, 
Harrison, N.J. ws 


This was an important factor in the selection of a 
Worthington 25C6 comminutor as part of recent 
improvements at the Klamath Falls, Oregon, Sewage 
Treatment Plant 

This comminutor, installed downstream from a grit 
chamber and upstream from a clarifier, was lifted 

formative display of 


cic vices WORTHI ne bd TON 


for industry, business a 
and the home. Park Ave- Uatrertere 


nue and 41et Street. = Will». a! 
ALL MAJOR PUBLIC WORKS EQUIPMENT UNDER ONE RESPONSIBILITY 


SEE the Worthington Cor- 
poration Exhibit in New 
York City. A lively, in- 


S 
~~ — = = 


Water Works Pumps * Sewage Pumps * Comminutors * Vertical Turbine Pumps * Vacuum Pumps 
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IV. FUNCTIONAL OPERATIONS 


N THE FIELD of sanitary engi 
there are several opera 
tions which are fundamentally the 
same for water, sewage, or industrial 
waste treatment works. These opera 
may be termed func- 
tional, include: Pumping, Electricity, 
Flow Measurement, Instrumentation 
and Control, Chemical Handling and 
Feeding, Coagulation and Sedimenta 
tion, Control, Laboratory 
Control, and Maintenance 


neering, 


tions, which 


( ‘orrosion 


Pumping 

Liquid will move from one point 
to a lower point under the influence 
of gravity, but will not move in the 
without energy 


reverse direction 


heing expended to move it. Gravity 
flow is utilized in sewers and in some 
distribution systems, but in 
water works, pumps are re 
quired to provide the pressure neces- 
sary to deliver the 
sumer’s tap 

In sewage works, pump lift sewage 


water 
most 


water to the con 


one sewer to a higher one, or 


from an treatment 
plant at a higher elevation, Pumps are 


trom 
mterce ptor to a 


also used to lift water from wells and 
to pump air, chemical solutions, 
sludge, Che 
pump will depend on the material to 
be handled, lift, 


operating conditions 


gas, etc design of a 


discharge 
and efh 


suction 
head 
ciency cle sired 


Electrical Equipment Operation 


lodayv. most pumps are operated 


b electrical motors I-lectricity also 


1 
controls, sig 


emical feed 
electric ity, 


operat strument 
communications, cl 
i 


lighting teins 


and 
operation of any 


potentialitie properties, 
to the 

or waste treatment fa 
electrical 


important are 


motors whi operate puny and 


other equipment 


Flow Measurement 
W here 


subst ince 


volumes 7 Tal Oo! other 


mm one point 
to another. 1 is a know. 
of material 


flow 


not to gut 
handled feasons for measure 


ment mciud provide lata and 


information o1 plant production; to 
nftormation on operation eth 

erations: to 
quantity of water sold or 


to deter 


iscertain 


of sew ve treated : 


olume 


operation nd to pro 


vide permanent records of operation 

Points of flow measurement should 
be set up wherever measurement of 
volume in motion will produce infor 
mation to satisfy any of the reasons 
for flow measurement. The more 
completely metered a water or sew 
age plant, the better and more efh 
ciently it can be operated 


Instrumentation and Control 


Instruments, sometimes called re 
ceivers or secondary instruments, are 
devices which indicate, record or to 
talize some function of operation 
which is being measured, Flow, levels, 
pressure, loss of head, temperature, 
etc., are conditions of operation which 
may be shown or recorded on a sec 
ondary instrument. Indicators show 
conditions at the moment of observa 
tions, recorders give a permanent and 
continuous record on a chart showing 
conditions as they existed at any mo 
ment. Totalizers numerical 
summation, to the moment of obser- 
vation, of quantities in motion 

Closely coupled with instrumenta 
tion is the matter of control. Control 
of flow, control of chemical feeding 
dosage, control of filter operations, 
control of treatment operations are 
all essential to proper operation of 
water, sewage or waste treatment ta 
cility. Control can be obtained by the 
use of devices which operate in con 


give a 


junction with or in direct response to 
flow measuring devices and their sec 

ondary instruments or in conjunction 
with other operating devices and in 
The high cost and weak 
proce 
dures can be the 
instrumentation and control 


struments 


nesses of manual operating 


greatly reduced by 


use of 


Chemical Handling and Feeding 
Whenever 


re quire 


water, 

treatment of any 
kind, the plant operator | d with 
lling and storage 
the 
proper amounts of chemical to pro 


treatment de 


ewage or wastes 
chemical 
race 
the problems of han 
7 with adding 


of chemicals and 


duce the ired 

Chemical handling begins with the 
receipt of a shipment of chemical 
and ends with the introduction of the 


into a chemical feeder 
feeding involves t 
add 


chemical to 


chemical 
( hemical he opel 


ation ot a controlled 
imounts of the definite 


of liquid, Control of chemi 


device to 


olume . 
! eeds oT 


treated is 


cal dosage according to the 


treatment and flow to be 


accomplished by chemical feeders de 
signed for the purpose and controlled 
by a flow measuring device, or manu 
ally. Different types of chemical feed 
ers are designed to feed solids, liq 
uids or solutions, and The 
selection of chemical feeders depends 
on a study of type of installation 
required, chemical used, 


gases 


treatment 
dosage range, control, etc 


Coagulation and Sedimentation 


Removal of solids is 
necessary in surface water supplies, 
water softening operations. This op 
eration involves sedimentation, which 
may take place in rectangular or cn 
cular tanks, usually equipped with 
devices for the removal 


suspended 


mechanical 
of the settled material 

Design of sedimentation tanks ts 
related to rate of flow, rate of settling 
of particles, detention times and facil 
ities for removal of solids. Operation 
is controlled according to loading, 
both as to liquid and solid volume 

When solids in a liquid are too fine 
to settle easily by themselves (i.e., 
bacteria, colloids, etc. ), chemicals may 
he added to create flocs which will 
settle and sweep out the fine particles 
Coagulation is controled by analysis 
of the liquid and the proper dosage ot 
the coagulating chemicals 


Corrosion Control 


Since water is almost a universal 
solvent, its presence creates the prob 
lem of corrosion. Under 


ditions almost all metals will corrode 


certain con 


or be attacked, as will concrete. In 


many cast COTTOSION may become a 


eriou problem im water of cwaye 


works. It can be controlled or pre 


vented in various way The control 


may involve protective 


of the liquid to 


coating or 


chemical treatment 


reduce it Corrosive properti 


Laboratory Control and Maintenance 


While the actual laboratory test 


made in water plants may differ from 


funda 
and 


those in a sewage worl the 


mentals of anal chemistry 


bacteriolog in the opera 


Labor ! 


improve plant oper 


tion ota control laboratory 
tor control can 
and the quality of the effluent 


reduce cost ot 


tho 


ind often 


Opel itor 


Maintenance, particularly 


maintenance, red 


pre aa | 


tive Wwe operating 
+1 ‘ 


osts, improve ethicien ! length 


ens the life of equipment 
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PUMPING PROBLEMS? 


BRING THEM TO 


BJ SUBMERSIBLES 

Byron Jackson manufactures all three 
basics of a submersible ...the PUMP. 
the SEAL... and the MOTOR... and 
combines them in BJ Submersibles and 
Subettes. Complete range of sizes and 
types. Capacities range from 30 to 20,000 
gpm, and heads up to 1800 ft. BJ Sub- 
mersibles can be applied to all deepwell 
problems. 


Complete pumping stations can be placed 
underground, under streets, parks, etc. 
Eliminate real estate investment and eco- 
nomically boost pressure for sub-division 
expansion, etc. 

Write for BJ Bulletin No. 55-2-700 


8) LAKE AND RIVER INTAKE PUMPS 
These pumps ¢ ppinate high or low water 
and icing problems on lake and river 
intake installations. Capacities to 20,000 
mn. Water-jacketed to operate in or out 
wales, 


BJ 


BYRON JACKSON IS READY TO WORK WITH 
YOU ON YOUR PUMPING PROBLEMS... 


1. BJ supplies a complete line of centrifuga! 
and wochaainel seals. 
special pump to the 


4. - backs you by gee so ond service facilities 
= long-establis nation-wide organiza- 
tion (since 1872). 


8) DEEPWELL TURBINE PUMPS 
Bow] and impeller assemblies to meet 
every d ll need. Standard mod- 
els for wells 6”, 8”, to 24” dia., - 
ities to 9000 gpm, heads to ft. 
“Bee Jay” mode “for 4” "5" and 6° dia, 
Choice of water or oil-lubrication 

Send for BJ Bulletin No. $4-1-10,000 


BJ BILTON PUMPS 
Gone purpose pump with 
led motor pump unit. 

Mounts n any position. No 

a as: ape ~~ = Ideal 

or service pacities 
for prt gpm, heads to 600 ft. 

Wide range of sizes. 

Write for BJ Bulletin 

No. 353-1000 


BJ VERTICAL 
CIRCULATING PUMPS 


HYDROPRESS PUMPS 
Double-case pumps 
suitable for hydraulic 
press, boiler feed and 
descaling operations 
other high-pressure, 
low-capacity water 
pumping require- 
ments. Capacities to 
900 gpm Heads to 
7000 tt 

Write for BJ Bulletin 

Neo. 52-6400 





me ee ee ee ee ee ee 


standard packing 
in stuffi 
in stutingboxcs, Types 


Available for  hendline 


BJ VERTICAL 

PROPELLER PUMPS 
Single-stage pumps. For 
medium to high capacity 
jobs with low heads 
Capacities to 50,000 gpm 
Heads to 40 ft. For drain- 
age, river-intake, dewater 
ing, irrigation, etc. Easily 
adapted to special needs 
Write for BJ Bulletin 

No. 53-5800 


Single or multi-stage. For 
pumping medium to high 
capacities of water. Two 
size ranges. Capacities to 
50,000 gpm. Heads to 40 
feet. Saves space, simpli 
fies piping. For cooling 
tower, dewatering, drain 
age, river-intake and 
circ ulating 

Send for BJ Bulletin 

No. 52-6050 


Byron Jackson Co. 


PUMP DIVISION 


P.O. BOX 2017, TERMINAL ANNEX 
LOS ANGELES 54, CALIFORNIA 


different pressures, tem- 
peratures and liquids. 
Send for BJ Bulletin No. $4-1-10,000 
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PUMPS AND PUMPING 


PUMP IS a mechanical device 

that will cause a fluid to flow, or 
to be discharged at a higher elevation 
or higher pressure. Power to operate 
pumps may be electricity, steam, in- 
ternal combustion engines, waterfalls, 
or wind 


Reasons for Pumping 


In a water works, pumps are used 
to 
Lift water from a surface source of 
supply 
Lift water from wells 
Deliver water to consumers’ 
desired pressure 
Supply fire pressure 
Boost line pressure 
Fill elevated storage tanks 
Backwash filters 
Pump chemical solutions 
Dewater tanks, basins, sumps, et 
Provide boiler feed 
a sewage works, pumps are used 


tar t 
aps a 


Lift sewage from low areas to main 


sewers 
Lift sewage from 
treatment plants 
Move sludge from settling tanks to 
disposal processes 
Recirculate sludge 
contents 
Supply air to aeration processes 
Return activated sludge to process 
Provide digester tank gas to boilers 
or internal combustion engines 
Provide water for various uses in 
cluding boiler feed and elutriation 


interceptors to 


tank 


digestion 


Types of Pumps 

Pumps may be classified by oper 
ating principle or by use. Operating 
principles include: Displacement, cen 
trifugal, ejector, air lift, hydraulic 
ram and aorta. 

Displacement pumps are a type in 
which water is caused to flow from 
the source of supply through an inlet 
pipe and valve into a chamber by a 
vacuum created by the withdrawal of 
a movable part, which on its return 
displaces the water in the chamber 
and forces it to flow through the dis 
charge valve and pipe. 

Displacement pumps are of two 
types: Reciprocating and rotary, In 
the reciprocating pump the movable 
part enters and withdraws from the 
chamber on the axis of the centerline 
of the chamber. Piston, plunger and 
diaphragm pumps operate on the re 
ciprocating principle 

Rotary pumps consist essentially of 
a rotating element which fits closely 
in a lhe rotation alternately 
draws in and discharges water, with 
the discharge being opposite the suc 


case 


tion. No valves are required and cen 
trifugal force does not lift the water 
Pumps which use the rotary displace 
ment principle include: Gear, lobe, 
screw, Moyno, vane, and others 

Centrifugal pumps employ a ro 
tating impeller, with water being 
drawn in at the hub or “eye” or the 
pump impeller and discharged 
through a spiral casing by virtue of 
centrifugal force developed by the 
rotation of the impeller. 

rrue centrifugal pumps include the 
volute pump and the diffuser pump 
In the volute pump the impeller dis 
charges into a gradually increasing 
spiral case. In the diffuser centrifugal 
pump, the runner (impeller) is sur 
rounded by gradually expanding pass 
ages formed by stationary guide 
vanes, which change the direction of 
the flow and pressure de 
veloped before into a 
spiral casing. 

Other pumps classed with the cen 
trifugal pump, but not employing the 
centrifugal principle are the turbine 
pump, and the propellor or axial flow 
pump. The mixed flow pump develops 
its head partly by centrifugal force 
and partly by the lift of the vanes 

Pumps using other principles of op 
eration are the ejector or jet pump, 
air lift pump, hydraulic ram and aorta 
pump. Jet and air lift pumps are used 
for deep well pumping ; the hydraulic 
ram is used for small water supplies ; 
the aorta pump is used for sampling 
or pumping small volumes of chem 


increase 
discharging 


ical solutions 


Uses of Pumps 


Classified by use, pumps are called 
Low Service, High Service, Deep 
Well, Booster, Sewage, Sludge, Boiler 
Feed, Chemical, Proportional Feed 
ers, Air Blowers, etc 

Low service pumps operate at low 
discharge heads to lift water from 
sources of supply to water treatment 
works. High service pumps operate 
at high discharge heads to deliver 
water to distribution systems. Pro 
portional feeders are used for dosage 
liquid 


self 


of solutions of chemicals or 
chemicals; other uses listed are 


explanatory 


Selection of Pumps 

Before a pump is selected for any 
use, it 1s desirable to be acquainted 
with pumping terminology and defi 
nitions. Such words as suction lift, 


discharge head, total dynamic head, 
specific speed, single stage, single sux 
tion, double suction, multiple-stage, 
split case, horizontal, vertical, and so 
forth are all important in the field of 
pumping 

In order to select a pump properly, 
it 1s necessary to have certain essen 
tial data on the pump installation 
Chis information should include 


Number of units required 
Nature of liquid 
Capacity 
Suction conditions 
Discharge conditions 
Total head 
Intermittent or continuous service 
Position of pump; horizontal or vertical 
Location, geographical, indoor, out- 
door, elevation, etc 
ype of power 
pacing of suction bells, methods 
of priming, size of suction and dis 
charge pipes are other important fac 
tors in the selection and installation 
ot pumps 


Pumping Station 

Pumping stations or buildings to 
house pumps are usually necessary 
for both low and high service and 
booster pumps in water systems, as 
well as for sewage lift stations. Deep 
well pumps or motors may be housed 
or may not. Sewage sludge pumps are 
usually housed 

The architecture and surroundings 
of pumping stations of all kinds are 
generally designed to be attractive 
(both exterior and interior). This is 
in accord with the principles of good 
public relations to make the public 
conscious of the good service being 
rendered 


Operation 

Reliability of performance, accessi 
bility of service points and facility 
of repair are expected as is efficiency 
of operation regardless of the type of 
pump 

Some of the problems of pump op 
eration include packing troubles, 
bearing troubles, misalignment, cavi 
tation, water hammer, power failure, 
suction line 
clogged im 


noisy operation, losses. 
discharge line 
pellers, improper priming, air leaks 
into pump and others 

Regardless of the type of pump or 
the use, a preventive maintenance pro 
gram and schedule should be set up 
in conjunction with its operation 


losses, 
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Deep Well Pump Purchase and Maintenance’ 


Design Engr 


4 Hi California Water Co. has 
107 pumps in and 
purchases an a of 10 complete units 
hese pumps are located in 29 
district 
catttered 


outhert 
turtane operation 
eTraye 
each year | 
Geographically the 
from the 


operating 

districts are vicinity of 
I mpe rial \ alley l hey 
onditions ranging 
dry desert to the snow-clad 
lls 


Sacramento t the 


operate und 


er limatic « 
from the hot 
San 


which the 


Bernardir mountains The we it 


pumps operate are located at 
from sea level to more 
motors driving 
to 150 hp and the 
range is om about 100 to more 
direct lift of 
iriation is trom just a 
‘ 


more mn 500 ft. below the 


elevations varying 
than 7.000 ft the 


vary W ze iron 


them 


capacity 


than 2,200 gpr water 
from the 
lew teet to 
urface 

The wide range of pumping conditions 
shift pumps from 


thereby practically 


provide pportunities t 
one location to another 
obsolescen e A 
talled in a well or 
operate to best ad 
With standardized, 
it is possible to make transtiers 
considerable 
nf, the 


eliminating the factor of 
pump can always be i 
system where it will 
vantage pecifications 
these even 
Variation im 


water 


though there is 
character and 


pumped 


quality being 


Wells and Water Quality 
Wells drilled 


ot two types the 
the rotary 
method 


ithern California are 
California cable tool and 
gravel envelope The cable tool 
developed in the early 
of well drilling in Southern California be 
cause of the character of the geological 
into which wells must be drilled 
These are all unconsolidated formations of 
the Recent, Pleistox geo 
logic epoch The un such 
that open-hole drilling 
well casing must follow the drill. After the 
drilled, the using, which is then 
in place, is perforated opposite water-bear 


was days 


formations 
ene and Pliocene 
msolidation is 
is impossible; the 


well is 


ing formation 

Rotary have pre 
perforated casing et in the drilled and 
well-mudded hole (sravel is then placed 
between the casing and the wall of the 
drilled hole 

The Southern California Water Co. has 
both types, with depths ranging 
to more than 1,900 ft 
formations in which 
ire so unstable that 
well, it is often 
sand or silt 
development of 


gravel « clope wells 


wells of 
from less than 200 ft 
Ihe unconsolidated 
these wells are drilled 
of the type of 
keep out fine 
careful 
occasionally 


regardles 
impossible to 
Even after very 
the well, it is necessary to 
column check valve 
pump. In doing 
installed im 


above the pump bowls to prevent 


resort t the use ia 
in the construction of a 
this a column check 
mediately 
water from draining out of the pump, with 
a consequent reversal of the flow from the 
well into the formation 

Sand within the 
pump literally blasts away metal of bowls, 
impellers, shaft, casing and tubing. Ex 
perience has shown that bronze withstands 
this sand cutting better than any other 
metal Porcelain-enameled cast-iron im 
pellers have tried, as porcelain is 
harder than sand and, thus, might be ex 
pected to withstand the abraison; but sand 


valve is 


water passages of the 


been 


*From the Jour Amer “ “W 
Oct., 1946. Reprinted by 
A.W.W.A 


Asen., 
permission of the 
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uts into the cast iron where the enamel 
has been machined off, and cavities develop 
between the porcelain and iron. It is only 
a matter of time until the porcelain spalls, 
due to corrosion of the iron 
many of these formations 
is extracted were laid 
there are large areas 
methane, carbon dioxide or 
le are entrained. These gases 
water falling from perfora- 
pumping water level) cause 
turbulence in the pump, and, in turn, ex- 
corrosion Bronze and stainless 
such corrosion better than 
In the pump column, at the 
top ot the bowls, a short section of bronze 
tube will often withstand the 
caused by turbulence 


trom 
down 
where 


secause 
whi h 


under 


water 
water 
gases such a 
hydrower sulf 
(or air trom 
tions above 
cessive 
withstand 
iron or steel 


steel 


corrosion 


Los Angeles, Calif 


stainless steel shaft, bronze bowls and im- 
pellers in the bowl assembly, a 5-ft. section 
of bronze oil tube, a stainless steel line 
shaft from bowls to static water level, with 
a coating of coal-tar enamel outside the oil 
tube and inside outside the eduction 
pipe 

To check corrosive waters, the Win- 
troath Pump Co. has demonstrated that 
the better the grade of metal, the more 
resistant it is to corrosion. Many pump 
manufacturers, for their standard sales 
product, use an ordinary run of foundry 
gray iron. The Wintroath analysis shows a 
rather high electric potential between ordi 
nary gray iron, bronze and stainless steel, 
which seems to be additional proof of what 
practice has long demonstrated: that the 


and 


TABLE I 
Analysis of Water 


City Foot. 
Creek hill 


Sodium 

Caicium 
Magnesium 
Sulfate (580.4) 
(Chiorine 

HCOns 

Total solid 
Carbonate hardne 
(ther hardne 
Total hardne 


The well waters pumped represent a wide 
range in chemical characteristics. Hardness 
varies from just a few to more than 500 
ppm. ; ‘the pH is between about 7.3 and 8.0 
otal solids vary from less than 100 ppm 
maximum of 1,500 ppm. In several 
free carbon dioxide appears and, in 
Some 


to a 
wells, 
a large number, free hydrogen sulfide 
waters have no trace of either iron or man 
others have as high as 2 ppm. iron 
and 1 ppm. manganese. Table | shows this 
wide range of chemical character in the 
water produced. It has not been possible 
to relate corrosion rates directly to the 
acid radicals contained in natural waters 

The most troublesome conditions under 
pumps operate exist in those wells 
been highly con 
sulfur group 


ganese ; 


whic h 
in which the waters have 
taminated with the 
of slime-forming organisms, and contain as 
much as 2 ppm. iron and | ppm. manga 
und have a high concentration of free 
Such waters are devoid 
but the form 
are anaerobic Slime coat 
thickness will form 
even on highly polished rotating parts, such 
as the impellers. As the slime 
thickness, the water 
duced ' in and the 
unit reduced.. Occasionally 
rosion takes place to an alarming degree 
slime-forming organisms are 
parts are the least af- 
formers 


iron and 


nese 
hydrogen sulfide 
of dissolved 
ing organisms 
considerable 


oxygen slime 


ings of 


increases in 
passage pace is fre 
efficiency of the 
graphitic or 


area 


these 
Bronze 
the slime 


where 
present 
fected by 


Corrosion 

Corrosion of turbine pumps results from 
several causes: chemically corrosive waters, 
entrained gases, bacteria and differences in 
electric potential between parts of the unit 
How each factor operates or affects the 
other is not known, but it is obvious that 
corrosion does occur and that preventive 
measures are necessary 

In extreme corrosion, whatever the cause, 


the best preventive measures are to use a 


Garvey worth 


Wads- Golden 


West Avaion Colden Pacific 
378.6 32.2 49.5 57.3 63.7 
10.0 5 106.8 105.2 
2.5 21.8 42.7 
3.8 91.2 97.3 179.0 
198.0 2 ; 53.5 82.0 
699.0 7.3 231.7 244.0 335.5 
1319.9 ; 2 698.4 839.1 
35.0 200.0 275.0 
156.5 


162.0 


0 22 356.5 437.0 


finer the metallurgy, the better the com- 
pleted product 

Speed of rotation is another factor. It 
seems that the higher the speed, the greater 
the rate of corrosion. The author has found 
no satisfactory explanation of this corre- 
lation, and cannot determine whether it is 
due to corrosion alone, or partly to the 
turbulence caused by high velocity 

No attempt has been made to weigh in 
dividual parts of the pump to determine the 
extent of corrosion or wear in terms of the 
percentage of metal lost. Such an analvsis 
in turbine pumps has little practical value 
because corrosion and wear never take place 
uniformly. A section of pump casing may 
lose less than 1 per cent by weight and still 
he unsafe becavse the casing is pitted. If 
pitting is allowed to continue, holes will 
cut through the casing and, under the high 
head of water in the pump column, act as 
nozzles. Wells have been damaged by 
holes drilled through the well casing, and 
the loss of water through holes causes 
appreciable loss in pump efficiency. Corro- 
near threads of the 


such 


sion and pitting at or 
casing so weakens the pipe that failure can 
occur at a joint. When this occurs, the 
entire weight load of the pump and the hy 
drostatic thrust of water load are trans 
mitted to the motor the rotat- 
ing impellers. Such wreck the 
entire unit 

In the pump bowls, a fraction 
cent loss in weight, 1f in certaim places, may 
be serious. On the other hand, if corro 
sion or sand cutting is uniform throughout 
a 15 or 20 per cent loss in weight may not 


bearing an¢ 
loads will 


of one per 


be serious 

Corrosion of the tubing may permit water 
under high head to enter the peripheral 
space between the tubing and the rotating 
pump shaft. Water will then shortly find 
its way out through the top of the tubing 
When this occurs, the motor windings are 
often sprayed with water, resulting in a 
burned-out motor. Of less serious conse- 
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quence, but equally troublesome, is the re 
sulting corrosion of the line shafting. The 
company’s specifications do not permit a 
packing gland at the top of the tubing, 
because a packing gland prevents the ap 
pearance of oil and water at the pump head 
When even a very small hole appears in 
the tubing it can be detected quickly and 
immediately repaired 

Very slight wear in the motor bearings, 
even a fraction of one per cent, may change 
the position of the impellers in the bowls, 
and cause them to wear excessively. The 
effiency of the unit is lowered almost im- 
mediately, even before serious wear occurs 
Excessive wear in motor bearings also 
causes misalignment of bearing housings 
Oil is thrown out of the housing and, in a 
very short time, saturates the motor wind 
ings so thoroughly that nothing ‘short of 
rewinding the motor will save it 

No mathematical relationship or formula 
can be developed or dedu ed to replace 
experience pection in the 
choice and extent of repairs and replace 
ments to parts of the pump, when it is 
pulled for overhaul 
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ntries is great. All 
require water regularly, but in 
California nature provides water 
the winter rainy season. Irrigat 
necessary Domestic water 
Must provide for irrigation of lawns 
and flower garde: s, as well as for 
trial and household consumptior 
Fig. 1 shows the Southern 
Water Co. monthly 
to the average mont! 
cent ) Together with 
for the 29 systen the 
or several of the smaller 
show! It appears that the maller the 
system, the greater the peak demand. The 
average day of the maximum month av 
140 per cent of the yearly 
day Varies 
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indus 


ilifornia 
prod iction Compared 
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the 3-year 
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ystems are 


averagé 
month 
al 0 


erages nearly 
average day: but the 
widely in the varieus systems. The average 
daily demand for 1945 is shown in Table II 
This table also shows the relationship of 
the maximum day to the average day 
There is an even greater variation in 
hourly demand. Fig. 2 shows the average 
variation for each hour of the maximum 
day. The hroken line represents the av- 


average 


erage of three consecutive maximum days 
in the Lennox system in 1942 

These curves all show the necessity 
for a large available capacity in primary 
pumping equipment. On the other hand, 
they show that, for large portions of the 
year, much of the equipment must remain 
idle Experience has demonstrated that 
idle equipment deteriorates nearly as rapid 
ly as operating equipment. The causes may 
be different, but replacements are just as 
ostly. To overcome this problem partially, 
all equipment is operated at least once a 
week 

Weekly operation keeps the well in good 
order, dries out the motor windings, pre- 
vents “freezing” of bearings—particularly 
in the line shaft—tends to reduce the ac- 
cumulation of slime growths and assures 
the operators that the equipment is in good 
order. This last is important because all 
equipment must “cut in” quickly and auto 
matically in case of fire 


Planned Operation 


Although all equipment is automatic, the 
time each unit operates can be predeter- 
mined. The general plan of operation to 
assure an adequate dependable primary 
supply is laid out in the engineering depart- 
ment. This plan is based on a study of the 
distribution pipe system and the location of 
the various pumping plants. Elevated stor- 
age is always considered as a balance 
against the maximum hour, and it is also 
desirable to consider it as a safety factor. 
Each plant is automatic, operation being 
controlled by pressures within the adjacent 
distribution system. Other factors entering 
into the setting of these controlling pressure 
ranges are: the quality of water produced 
at the plant, the efficiency of equipment, 
variations in demand, the needs of fire pro 
tection and the manpower available to oper- 
ate the equipment. 

The carrying out of these planned opera 
tions is under the direction of the construc- 
tion engineer, who has charge of all field 
work on new construction, as well as main 
tenance, repair, replacement and operation 
The district superintendents, of course, are 
“on the ground” and carry out most of the 
details of the operation of pumping plants 





8 





Nn 
- 
o 

. 


8 


}—— pee 





) 





~ 3 Max. Days, Lennox - 
System (1942) 


wo gz 2 


1 
8 











sss 




















Per Cent (Average for Max. Day = 






































4 6 8 1012 2 4 6 8 1042 
AM. P.M. 


Demand on a Maximum 
Day 


verage 


Checks on Operation 


To check the overall engineering plan, 
periodic pressure surveys are made, Com 
plaints of poor water service are also 
checked against planned operation. The 
operation policy is to render an adequate 
and dependable water supply to all con 
sumers at all times. During the war years, 
this has at tinics been difficult, but, with a 
littlé more time and the delivery of some 
needed materials, the policy will again be 
maintained 

All the factors involved in such opera 
tion make necessary continuous checks on 
equipment. .In doing this, three principal 
checks are made regularly on all operating 
equipment, 

The first check is made in the statistical 
branch of the engineering department. All 
field pumping records are assembled and 
checked in the office and the performance 
of each pumping plant is checked each 
month. A computation is made of the power 
in kilowatt hours consumed in pumping 
100 cu. ft. of water (the company’s unit of 
water measurement), This figure is bal 
anced against the pumping water level in 
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System Demands 


System County 
Artesia L Angele 
San Bernardino 
San Bernardino 
fan Bernardino 
Imperial 
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Angele 
Angeles 
Angele 
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Angele 
Angeles 
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Lennox 6 
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So. La Angele 


f 
: I 
(Claremont Los Angeles 


‘ press ‘range 
Highland San Bernardino 
Hollyda « Los Angeles 
Huntington Beach Orange 

Oak Park Sacramento 
Ojai \ 
Olive 
Placentia§ 
Atwood Orange 
Suniand-Tujunga Los Angelés 
Venice-Culver City Los Angeles 
Walnut Grovel ... -+-++ le Angeles 
Wilmar Los Angeles 
Los Alamitos Orange 
Stanton Orange 


ventura 
Orange 
Orange 


*An average of 4 consumers is served by 


Industrial use eliminated 


tUnmetered supply; consumption determined from several te 


§Part of supply unmetered 
New system averages not established 
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Fig Design Conditions for a Well 


th unn immediately above the pump 
bowls. This section is subject to more cor- 
rosion, sand cutting and wear of all sorts 
than any other, probably as a result of some 
turbulence in the water as it leaves the 
bowls. The first joint of casing above the 
bowls generally needs replacing or “pup 
jointing,” that is the replacement of a por- 
tion of the casing with new pipe. Pup joint 
ing is accomplished by cutting off the cor 
roded section and using a pipe coupling to 
install a short piece of pipe that makes up 
the required length. The oil tubing often 
shows results of corrosion both inside and 
outside, between the static and pumping 
water levels. This occurs because water 
alternately will rise within the oil tube to 
the static water level of the well and drain 
out to the pumping water level during op 
eration. The line shaft also becomes cor 
roded within this range and must be turned 
end for end and reground at the bearing 
points on each overhaul. Often individual 
pieces of shaft can be shifted within the 
assembly to overcome wear or corrosion 
rhe line ~y bearings or tubing couplings 
are all sized, and are replaced ii they show 
wear of 0.012 in 


Static 


1941 
Year 


Water Level of a 


Motors 


For each overhaul, motors are taken to 
the company’s electric shop, where they are 
cleaned, reinsulated, and have their bear- 
ings checked, so that the motor goes back 
as nearly as possible in perfect condition. 


Manufacturers’ Service 


Even under emergency conditions, work- 
ing around the clock, it requires two or 
three days to pull, tear down, inspect, re- 
we and reinstall a deep-well turbine pump 

Failures of pumping equipment occurring 
on peak days or even peak months can be 
serious. It is the general practice in design- 
ing water supplies utilizing ground- water 
reservoirs to have primary capacity to meet 
at least the maximum day. Maximum hours 
can be taken care of by elevated storage 

During the war, it was nearly impossible 
to obtain sufficient materials to keep pro 
duction facilities ahead of demand. It seems 
even more difficult now. The rate of popu 
lation growth in Southern California is 
greater than ever before. It is, therefore, 
highly important to keep equipment in the 
best possible condition 

Emergencies, however, do occur. It is 
then necessary to move, and to move 
quickly, The company has always required 
that repairs be made by the manufacturer 
Consequently, deep-well pumping equipment 
is purchased only from those manufacturers 
who are prepared to render immediate 
service. Only three manufacturers who can 
meet this specification have yet been found 


Choice of Pump 

As is true in any arid country, Southern 
California has cycles of rainfall, These 
cycles recur from season to season and 
from year to year. The result is that the 
underground storage, as reflected in static 
water levels, varies both seasonally and by 
cycles of years. The season-to-season cycle 
indicates a range—often as much as 50 ft 

from a high in February and March to 
a low in September and October. The gen- 
eral conditions are illustrated in Fig. 3, 
which shows the variation in static water 
levels for a 10-year period on one company 
well. 

Various water-bearing 
whether Recent, Pleistocene or Pliocene, 
show different productivities. This produc- 
tivity can be rated as the production vol- 
ume in gallons per minute per foot of 
drawdown, and is the slope of Curve A, 
Fig. 4. The most economical production is 
always on the straight line portion of the 
curve, a short distance before the acceler- 
ated downward slope begins. No pump is 
ever chosen with a capacity greater than 
the most economical production of the well, 
as this factor seldom coincides with the 


formations, 





maximum efficiency of the pump. Figure 4 
shows the design conditions of a recent 
well. The well was completed in the high 
static water level period and drawdown 
Curve A was obtained from test. Curves 
B, the average static water level and C, 
the low static water level, have been 
estimated from experience. Curves D and 
E are those submitted by two manufac- 
turers for head capacity performance of a 
turbine. Curves D-1 and E-1 are the effi- 
ciency curves (ratio of power input at the 
meter to theoretical power required) and 
include all losses incurred in the motor, line 
shaft and bowls, and within the pump by 
water friction. Both performance curves 
were submitted by pump manufacturers to 
meet the design point. 

It is interesting to note that turbine 
pumps are sold and purchased to meet one 
design point. This practice, promoted by 
the California Pump Assn., has been fol- 
lowed for years. The association has set 
certain standards of manufacture and fab- 
rication and, for the sake of uniformity, a 
pump with a given head capacity and a 
given column length will be sold by all 
manufacturers at nearly the same price. 
Price, therefore, is not the controlling 
factor. 

Even though its efficiency was less at the 
design point, pump D was chosen for the 
well because: (1) Pump E, at high water 
level, would operate below the range of 
most economical production; (2) the head 
capacity curve of D more nearly follows 
the range of the most economical produc- 
tion; and (3) Pump D produces more 
water when it is needed in summer low- 
water period. 

A new condition has recently been im- 
posed and influences the final choice of the 
assembly. The Southern California 
which is now producing a 50- 
cycle alternating current, proposes to 
change to 60-cycles. This change will re 
quire the complete redesigning of bowls in 
a large number of turbine pumps, and to 
meet it, all pumps that will be purchased 
hereafter must be designed to operate on 


bowl 
Edison Co., 


Chemist, Illinois State Water Survey, 


Corrosion experiences with deep well 
turbine pumps may or may not be consid 
ered serious, depending on the local phys- 
ical conditions and the maintenance care 
provided. The economics of proper main- 
tenance sometimes permits a $400 replace- 
ment at a 100-ft. setting biennially, with no 
regard to excessive corrosion rates, or may 
necessitate a $6,000 expenditure to pull a 
pump at a 600-ft. setting and replace column 
pipe, shaft and shaft tube 


Galvanic Action 


The ordinary galvanic attack is aggra- 
vated if two galvanic cells are set up in 
series in the installation. Such a situation 
exists if bronze impellers are used with 
cast-iron bowls and copper-alloy bearing- 
retainers are used with a water-lubricated 
steel shaft. In oil-lubricated pumps, the 
galvanic series is created if bronze im- 
pellers are used with cast-iron bowls and 
water is permitted to enter the enclosure 
tube above the bowls and to come in con- 
tact with the bronze bearings and steel 
shaft. It is obvious in these situations that 
current will flow from the iron impeller 
seats through the water to the bronze im- 
pellers and up the shaft to the bearings. At 
this point the current will leave the shaft 
and flow through the water to the bearing 


60 cycles, but with enough additional 
stages in the pump bowls to operate tem- 
porarily on 50 cycles. This will provide 
for a minimum of changes in the pump and 
prepare for making the change with all 
possible speed. 

The company purchases the complete 
unit installed in the well and ready to 
operate when electrical and pipe connec- 
tions are made. The responsibility for in- 
dividual parts of the units rests entirely 
with the one manufacturer, who is required 
to guarantee not only the pump but the 
motor he furnishes with it. The efficiency 
test following the purchase is for over-all 
efficiency of the complete unit. 


Specifications 


The ‘standard specifications provide for 
the majority of operating conditions, al- 
though special conditions, already men- 
tioned, at times require revision of the 
standards. Generally, the specifications are 
as follows: 


Bowls 


All bowl castings, including top and bot- 
tom bearing housings, shall be of the best 
grade iron used by the manufacturer. The 
impellers shall be of bronze containing 
85-88 per cent copper, 5-10 per cent tin 
and 2-5 per cent zinc, and may have 5 per 
cent lead if the same bronze is used for 
both impellers and line-shaft bearings. They 
shall be machined so that no rough sur- 
faces are in contact with the water. The 
pump shaft shall be of stainless steel. The 
suction shall be 10 ft. of standard pipe with 
a standard “Greene” strainer. 


Pump Column Assembly 


The line shaft shall be of cold-rolled 
steel with surfaces polished and shall be in 
10-ft. lengths joined with couplings to per- 
mit butting of the shaft within the coupling. 
The oil tubing shall be in 5-ft. lengths 
joined with bronze guide bearings to pro- 
vide a bearing at 5 ft. intervals on the line 


DISCUSSION—T. E. LARSON 


retainers or to the bearings and down the 
column pipe or enclosure tube to the bowls 
A vicious cycle of galvanic action can be 
set up in this manner. 


Water-Line Corrosion 


Water-line corrosion is usually due to 
the existence of an “oxygen concentration 
cell” near the water line on the outside of 
the column pipe, and is adequately de- 
scribed in many texts. 


Carbon Dioxide Corrosion 


Carbon dioxide corrosion takes place at 
the high-pressure points in the pump bowls 
and between the column pipe and shaft 
tube. It causes noticeable pitting in the 
bowls, on the column pipe and shaft tube 
just above the bowls, and, to a lesser ex- 
tent, just above the spiders. 

A possible explanation of this type of 
corrosion is that it is caused by the release 
of gas bubbles in the water at the low- 
pressure points on the undetside of the im- 
pellers and possibly at the entrance to the 
suction pipe. This can happen, particu- 
larly if rough edges are present. The gas 
is composed of nitrogen, water vapor and 
carbon dioxide, and can be expected in any 
ground water under artesian pressure, 


Urbana, 


R-47 


shaft. The eduction pipe shall be of stand- 
ard weight pipe, joined in 10-ft. lengths 
Spider guides shall be installed within the 
column at the points indicated on the well 
survey diagram. 


Design Point 


A performance curve of the proposed 
pump shall be submitted, indicating the per 
formance of the pump from shut-off to its 
point of cavitation and showing the over-all 
efficiency curve. This efficiency curve shall 
show the guaranteed field performance of 
the pump as installed, and shall be com 
puted by relating the power of input to 
the unit to the theoretical water horse- 
power, 


Pump Head 


The pump head shall be the heaviest 
casting constructed by the manufacturer to 
receive the motor required for the pump, 
have a discharge nipple of the same diame 
ter as the pump column, and be at least 2 ft 
long. 


Motor 


The motor shall be of such size that at 
no point on the performance curve will the 
rated horsepower of the motor be exceeded 
The motor shall be a 440-v., 50-cycle, 
3-phase, vertical, hollow-shaft motor. It 
shall be designed to receive an adequate 
thrust bearing. 


Manufacturers’ Specifications 


The manufacturer shall submit complete 
manufacturing specifications which show 
the sizes of various parts of the column 
and the number of stages in the bowls. The 
speed of operation of the motor shall also 
be given, as well as the name of its maker 

The value of these specifications has 
been proved through extensive use, They 
standardize and simplify the problems of 
selection and maintenance of deep - well 
pumps. 


Vil, 


When formed, the gas bubbles pass through 
the turbine and column pipe and undergo 
changes in volume due to the changes in 
pressure that take place. They are carried 
through the pump into the column pipe 

A rapid increase in pressure gives the 
carbon dioxide a higher solution potential 
and, as it dissolves, the water film on the 
surface of each bubble becomes excessively 
acid through the formation of carboni 
acid. As the gas bubble with its acidic 
surface film passes over’ metal, corrosive 
action takes place 


Stray Currents 


currents are known to exist at 
many installations. To what extent they 
may damage the pump will depend on 
whether the polarity at any point enhances 
or inhibits corrosion 


Stray 


Prevention of Corrosion 


Prevention of corrosion depends largely 
on the type of installation, the corrosion 
expected or encountered and the economics 
involved. Consideration of the savings ef- 
fected by preventive methods should in 
clude the power saved by maintained pump 
efficiency and the trouble and cost of pull- 
ing the pump, as well as the cost of actual 
replacements 
1955 
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Operation and Maintenance of Centrifugal Pumps” 


By R. B. RIDDLE 


Utilities Superintendent and City Engineer, Frederick, Okla 
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6. During the operation of the pump, 
stuffing boxes and bearings must be in 
spected occasionally. The centrifugal 
pump does not require any other atten 
tion except to remove foreign material 
caught on the impeller 

7. If the pump is to be idle for long 
periods, it should be taken apart, cleaned, 
and oiled. This prevents the parts from 
rusting together and preserves their con 
dition 

8. the pump is exposed to freezing tem 
perature, it should be drained immediately 
after stopping 


Operating Problems 

[The common problems that arise in 
centrifugal pump operation may be classi 
fied and identified according to the fol 
lowing 

1. If, after starting the pump, it throws 
a little water at the first few revolutions 
and then churns and fails to discharge 
more, it is evidence that the air is not all 
out of the pump and the pipes, the suction 
list is too great, there are pipe leaks, or 
the suction is long and the discharge head 
is insufficient 

2. If, when started, the pump 
throws a full stream for a few minutes 
and then fails, it is caused by failure of 
the supply or recession of the water below 
the suction limit. The remedy for this 
latter condition is to lower the pump 

3. If the pump delivers a full stream 
of water at the level of the pump, but 
fails to pump to a higher discharge point, 
the speed of the pump is too low 

4. If the pump starts a full stream, and 
then the discharge decreases very slowly 
until the pump fails to deliver any water 
it is caused by an air leak at the packing 
gland. 

5. If the pump delivers a full quantity 
for a few hours and fails, the speed and 
water supply being unchanged, the su 
tion pipe or the impeller is obstructed 

6. If, when running, there is a heavy 
vibration, the shaft been sprung, the 
pump is out of alignment, or an obstru 
one side of the impeller 


first 


has 


tion has lodged in 
7. If the bearings heat unduly 


ings lack oil, there is an end thrust, 
belt is too tight 


the bear- 


or the 


TEN PACKING "DONT'S" WORTH HEEDING 


“don'ts” ire otten 


sO 

yvarnings 

sed on m 

c They 

nwith t 

of packings 

freedom fron 

en even the 
improper! 
nake cl 


other 


littl 


wer plate 


iny metal parts behind 


W.&S.W REFERENCE & DATA 1955 


wall 1/16 ) 
depending on size 


mmended 


pright leather 
each ide 

packing, is usually rec 
+—~DON'’T do 
pocket knife or file, or 
A rounded 


Packing ‘ be s« 


packing lips witl 
batter lip in in 
lip destr¢ ys the seal 


aking in 


talling 
ftened by 

rm water if necessary 
DON'T apply cup packings with 
oo high tor clearance at tl ! 


Keep ystems 


end 

adly rm: pres 

packing down int 

lur ger and ly inder 

from old cup pack- 
} 


reline su equi 


rctween 
washers curt 
made to 


per dimensions 


7—DON'"T apl ly “T where 
plungers are worn without 
under heel with leather cushion rings 

8—DON’T look for long service on 
scored plungers or in scored cylinders 
resurface or reline equipment to 
proper dimensions 


pack ings 


reintorcing 


such 
9—DON’T allow water to corrode cy! 
inder walls, plungers or rods. Use an 
anti-rust agent that will prevent this and 
that will act as an effective lubricant 

10—DON'T hemp or fabri 
filled “U”" packings in glands where such 
packings are to replace solid section com 
pression packings; set glands up to point 
where “U” packaings are free to function 
properly 


squec ze 


Contributed by W 
N.J 


FP. Schaphorst, M. E., Newark, 








Milwaukee added 40 mgd to its pumping capacity by installing this 60- 
mgd Allis-Chaimers centrifuga! unit in the space formerly occupied by 
one 20-mgd pumping engine. This new unit is driven by an Allis-Chalmers 
3700-hp steam turbine ond is also supplied with an A-C condenser. 


Allis-Chalmers can supply a major percentage of the 
equipment needed for sewage plants, water works, 
municipal power plants, street and highway construc- 


tion, and other public works. See the three following 
pages for further information on A-C equipment. 


The record of Allis-Chalmers in building centrifugal 
pumps speaks for itself. Of thousands built, no A-C 
centrifugal pump has ever failed to meet its guaranteed 
efficiency. This means that when you specify Allis- 
Chalmers you are getting exactly what you intended to 
buy . . . exactly what you need. 


Hundreds of cities . . . large and small . . . are already 
profiting from the efficiencies of Allis-Chalmers pumps. 
The range of types and capacities of A-C pumps will 
meet the needs of any city. There are special pumps for 
water supply, fire protection, sewage, and drainage. 
Sizes range from small compact units handling only a 
few gallons per minute to huge 72-inch pumps capable 
of handling 300,000 gpm 


Also worth while remembering is that you can get 
the entire pumping unit from Allis-Chalmers . . . for 
this company builds motors of every type, for operating 
every size of pump. You can also get the proper A-C 
starter for controlling the motor. 











tow to make 


SEWAGE DISPOSAL 


i A : 2 Three Allis-Chaimers | 20,000-cfm turbo-blower units installed 


in plant of Sanitary District of Chicago. 


By-products can help pay part of sewage 


system expansion costs. Here’s how... 
FROM BAR 


, SCREEN 
The flow sheet at the right shows two modern treatment methods 


that use by-products to help meet expansion costs 


@ Some cities through the sale of fertilizer, are recovering a 


large percentage of the cost of operation 


Other cities are using digester gas to supply most of the 


sewage power and light needs 


Many industrial sewage plants are paying their way with 


similar improvements 


The increasing use of home garbage disposal units is aiding 


many municipal plants to increase their by-product value 


S 
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SW SEWAGE PUMP 


Get Help on Your Problem 


Allis-Chalmers, builders of the world’s widest range of public works 
equipment, can help you analyze your problem and select the proper 
equipment for your particular needs. For complete information on 
any of the Allis-Chalmers items shown here call your nearby 
Allis-Chalmers District Office or write Allis-Chalmers, Milwaukee 1, 
Wisconsin 
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Some A-C Products for ad 
Sewage Works | uote 
CENTRIFUGAL PUMPS—Vertical | 
or horizontal, for sewage and ac | 
tivated sludge 
BLOW ERS—For sewage aeration 
ROTARY VACUUM PUMPS—For ——_ Sewage 
use with vacuum filters in dewater 
ing sludge au Effluent 
ROTARY COMPRESSORS—For 
compressing digester gas —_ Sludge 
DRYERS—For sludge dewatering 
VIBRATING SCREENS — For re pee Water 
moving solids from liquids; also in 
fertilizer manufacture sesese Gas 


VACUUM 
PUMP 








tilizer 
V-BELT DRIVES—Constant and ad 
justable speed 
MOTORS AND CONTROL—For 
all drives over 1 hp 
Allis-Chaimers 16 by 14-in. vertical POWER EQUIPMENT—Steam tur 
sewage pump on combined storm end bines, condensers, pumps, water 
conary sewer mem conditioning 


ELECTRICAL EQUIPMENT- 
Transformers, switchgear, circuit 
breakers, unit substations, genera 
tors, voltage regulators 


7 
by" a SIFTERS—For grading fertilizer 
\ ; a ROLLER MILLS—For grinding fer mum Electricity 


For complete information on any 
of the aa items just mail the 
attached post card or call your 
nearest Allis-Chalmers sales ofhice 
See list on page 4 





A-C sewage pumps hove wide impeller openings, rounded 


A-C 2500-kw, 3600-rpm WA-Series steam turbine-gen- 
impeller iniets to pass solids freely. 


hree A-C blower units, 27,000 cfm, 
erator unit with A-C switchgear in background. 


0,000 cfm, 15,000 cfm. 


| saw your ad in Water & Sewage Works Catalog and would shown in gray 
like more information on the equipment indicated below: is-Chalmers. 


Water works pumping units 

Sewage pumps and drives 

Centrifugal blowers 

Vibrating screens; Sifters 

Roller mills; Rotary dryers b Effluent 
Reteyerngpemen = pee for Disposal 
Switchgear; Transformers 

Power generation equipment 


CITY OR 
NAME COMPANY 


ADDRESS POSITION 


GENERATOR BOILER | 


ol ) Process Steam 
yt pene for Heating 
and Turbine 
Drives 








a Sab oetelatas 


CONDENSER TURBINE 


GENERATOR 


Electricity for 


n 
—— Dp Lighting and 


Motor Drives 











- a . > 
»> Fertilizer 
PACKER 
for Sale 





ROTARY VIBRATING ROLLER GYRATORY 
DRYERS SCREEN MILL SIFTER 


ALLIS-CHALMERS €&€ 





Right: Rear view of 3000-kva, 4160-2400- 
volt unit substation with both incoming line 
section and distribution feeder section con- 
sisting of metal-clad switchgear 


MOTOR CONTROLS: Dependable start-stop 
sewage processing opporoatus, 
Simplified in 
requires only connection to leads for 


control for all 


in both single and grovped units 
stallatior 
operatior Expandable design permits easy 


addition of more cubicles when required 


Allis-Chalmers circuit breaker and power trans 
former are major components of this primary 
substation 


Nlorento! « an Allie halmers trademark 


ALABAMA 

Birmingham 3 
ARIZONA 

Phoenix, 50 Wen Madison & 
CALIPORNIA 

Los Angeles 15, 417 5. Mill & 

Sen Diego |, 747 Ninth Ave 

San Francisco 7, 690 Harrison St 
COLORADO 

Denver 2, 900 i?th 
CONNECTICUT 

Hartford, 750 Main S& 

New Haven 10, 157 Church St 
DISTRICT OF COLUMBIA 


2000 Pirst Ave., North 


Street 


Washington 5, l4th & H Sts., N.W., Executive 5.2800 St 


FLORIDA 


Jacksonville 7, 1628 San Marco Boulevard 


EXbrook 68-6441 
9- 3691 
2-6571 


Miami $2 
Tampa 2, 405 
GEORGIA 
Atlanta 5, 97 
ILLINOIS 
Chicago 5, 
Peorsa 2 
Rowklord 
INDIANA 
Evansville 9 
Indianapolis 4 
lOWA 
Davenport, $26 W. Third & 
Des Moses, 206 Siath Ave. 
KANSAS 
Wichita 2 
KENTUCKY 
Louisville 2, 241 
LOUISIANA 
New Orleans 12, 210 Basonne S& 
Shreveport 25, 624 Travis & 
MAINE 


Augusta 


25 S.B. Ind Avenue 
5. Morgan & 


Porsythe &., N.W 
135 Se Samay | Se 

301 5. Adams & 

505 North Main & 


129 Locust & 
11 5. Meridian St 


107 South Main Street 


S. Pitth St 


2604, Water & 


ALpine #6031 
Madison 6-223) 
BElmont 44684 
Douglas 2-6584 

Cherry 4.65% 


Chapel 6-5675 
State 7-1176 


Walnat 7116 
Pranklin 2 6480 
4-9279 


372, NEW 


46219 
MElrose 2.7415 


54-9795 
5.608) 


Porest 5.9762 
Clay 7656 


Raymond 6625 
> 


Augusta 465 


Tm ~ 


Electric Power Equipment 


Allis-Chalmers can supply a major per 
of all power and 
electrical control and distribution equip 
Included in the 
power generation line are steam turbine 
con 
denser and boiler feed pumps, water con 


centage generation 


ment for public works 


generator units, surface condensers, 


ditioning service and equipment 
The 
cludes all types and sizes of motors from 
1 hp to 100,000 hp and up starters 
or control to suit every application 
Allis-Chalmers 
high and low voltage switchgear provides 


range of electrical products in 


and 


indoor and outdoor 


maximum protection and flexible control 


of power distribution circuits. All units 


are metal enclosed, factory built, so they 
need only be bolted in place and lines 
connected. Switchboards are custom built 


to fill your needs 


A-C builds a complete line of power 
and distribution transformers. Most sizes 
can be cooled with either oil or Chlorextol 
non-inflammable liquid, or they can be of 
the air-cooled type 


Load center, single circuit and mult 
circuit unit substations are built in stand 
ard ratings meet application 
They are completely factory built and can 
be installed adjacent to equipment being 
served 


to every 


ALLIS-CHALMERS 


1192 S. 70th ST., MILWAUKEE 1, WISCONSIN 


Sales Offices 


MARYLAND 
Baltimore 18, 1115 East 50th St 
MASSACHUSETTS 
16, 51 St. James Ave.. 
+H 
Detrost 


hone 
$494 HOpkins 7.4480 
Hubbard 2.5700 
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Trinity } 2300 
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Kansas City 6, 6 Bast ith St 
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Deep Well Pump Testing’ 


Pump Testing Supervisor, Pacific Gas & Elec. Co., 


oo general theory and use of hydraulic 
and electrical instruments to test pump- 
ing plants have been the subject of many fine 
articles. The matter is also amply covered in 
textbooks and in some very excellent bulle 
tins prepared by pump and instrument man- 
ufacturers. Hence, this article will be con- 
fined to the specific field equipment, methods 
and practices employed by the Pacific Gas 
and Electric Co., in testing the pumps of its 
customers in northern and central Cali 
fornia. For the same reasons, formulas will 
be held to the minimum. Wells, as a sepa- 
rate subject, will be only partly covered 


The pump test service was started in 
1923 by what was then the San Joaquin 
Light and Power Co., now a major division 
of Pacific Gas and Electric. At present nine 
two-man crews, strategically located from 
Bakersfield to Marysville, Calif., are 
equipped with hydraulic and electrical in- 
struments to conduct field tests, all of which 
are made at the customer's request in the 
form of a signed application. A total of more 
than 70,000 tests have been made to date 
Each test involves field measurements and 
notes, a typewritten report to the customer 
(with any recommendations and 
personal delivery or a letter of transmittal 
The letter usually contains power usage fig 
ures, data on the total amount of water 
pumped and unit cost figures. As the work 
is seasonal, during the summer farm irriga 
tiation season the crews are usually one or 
two months behind the test applications. The 
company conducts free tests because a cus 
tomer with inefficient pumping equipment 
will frequently believe that the poor per 
formance of the pump and his increasing 
power costs are due to improper electric 
or excessive rates 


needed ), 


service 


the tests yield reasonably ac 
curate, usable information about the pump 
ing plant the customer can employ 
to maintain minimum pumping costs, maxi 
mum flow or both. Unless the customer rep 
resents a large organization rather than an 
individual water works operator or farmer, 
usually not obtain this service else 
where except at considerable cost, if at all 
More than 6,000 tests are made each year 
and in 1948 approximately 5.2 per cent in 
volved water works pumps. It is the desire 
f the company to be of maximum service to 
all classes of customers—agricultural, indus 
trial or water works. As all but a very few 
of the company’s 50,000 agricultural cus 
tomers have no engineering service avail 
able, however, the farmer receives about 
87 per cent of the tests made annually 


Essentially 


which 


he can 


Testing Procedure 


The testing of a deep well turbine in its 


| requires not only proper instruments 
but a tester with sufficient knowledge of 
the characteristics and limitations of these 
instruments to obtain maximum accuracy 
when employing them, together with suff 
cient knowledge of pumps, motors and wells 
to interpret the data obtained. In order to be 
of service to the pump owner, the tester does 
not require instruments of laboratory ac 
curacy. The time and expense involved in 
installing an orifice, nozzle or weir would 
seldom be justified, and, unless a great 
many conditions of the individual installa 

*Reprinted from JAWWA, Vol 
perrmaissior 


by FRANK C. MIRAMONTES 


these instru 
ments would be no more accurate than the 
pitot type. Fig. 1 shows schematically the 
test values for a deep well turbine deliver 
ing water to an elevated tank in a water 
system. Most of the terms are self-explana 
tory. Although the water-bearing stratum 
(there are often several) above the stand- 
ing level may provide insufficient water to 
affect the well water levels materially, the 
falling water it produces frequently inter 
feres with water level measurements. When 
the standing water level has been measured, 
the pump is started. In some areas the 
pumping level will stabilize in a few min 
utes, while in others it takes hours. Readings 
made while the water level is dropping 
rapidly are generally not simultaneous and 
also the test is not sufficiently typical of 
operating conditions tc be of much use 
When the level has stabilized, further test 
readings are taken. Assuming the speed to 
be relatively constant, figures for total lift 
(pumping level and discharge level), capac 
ity (gallons per minute) and horsepower 
input to motor are required to determine the 
overall plant efficiency. 

Where the distance to water is very 


tlon were taken into account, 


small, 


Electric Meter 
Pumping 
Panel 


San Francisco 


the water level can often be and meas 
ured with a tape line. Usually, however, a 
sounnder tip is connected through a reel of 
flexible insulated wire to a voltmeter (or 
milliammeter ) and a battery, the latter being 
grounded to the pump or well casing. The 
battery voltage is 5-45 v. When the 
sounder tip is lowered until its copper wire 
touches the water surface, completion of the 
circuit produces an indication on the volt 
meter. The wire is then marked at the 
reference, usually the centerline of the pump 
head discharge, and the wire is then raised 
and measured with a steel or fabric tape 
If the tip is lost, a new one is readily con 
nected by a hand splice and taping 


seen 


Use of Air Line 

Sometimes water falling from an upper 
perforation gives an unsteady indication on 
the meter, and the exact point of touching 
the pumping level cannot be determined, In 
this situation an air line can be employed 
Also there may be so much oil on the sur 
face that the electric circuit cannot be com 
pleted. More than 16 ft. of oil (bearing leak 
age) has been found the water in 
wells, although that figure is above average 


above 
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Fig. 1. TEST values for deep well turbine 
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Fig. 2. COLLINS FLOW GAGE with water manometer 


gravity of the column of 
il permits it to float on top of the water, 
giving it an upper surface somewhat higher 
than, and a lower surface far below, that 
whi would be reached by water alone. A 
reading taken at the top of the oil would 
therefore water level somewhat 
higher, and at the bottom of the oil much 

wer, than true hydrostatic pressure would 
Again an air line can be employed 
water levels. Its effective 
maximum gage reading 
mverted to feet) is the water level. Air 
extremely reliable, provided the 
vertical length is known 


wer specit 


indicate a 


pr uluce 
to provide true 
length minus the 


limes are 
etliective 
Otten the standing water level, but not 
the pumping level, can be obtained 
with an electric sounder, When a permanent 
air line is in place and a satisfactory stand 
with the electric 
sounder j adding the maximum 
gage reading in feet to the standing level 
measurement will provide the effective air 
Checking is necessitated by the 
breakage or leaks. If other 
failed, testers have sometimes 
electric-sounder line—with the 
removed and an sleeve 
over the wire end—down the inside 
of the column (which is free of oil) to ob 
tain the standing level and thus determine 
the effective air line length. Unless handled 
with great care, for relatively short dis 
tances, there is danger of wrapping the 
sounder line around the tube line or en 
tangling it in a “spider,” when such tube 
line supports are used. A portable air line 


water 


ing level measurement 


possible, 


line le neth 
possibility of 
means have 
lowered an 
sounder tip Open 


bare 
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ot rubber hose can be used in the normal 
well casing space when no permanent ai! 
line is available. As the length used can, of 
course, be measured while out of the well, 
it is only necessary to raise it 2-3 ft. after 
a measurement in the well to see if the gage 
drops an equivalent amount, thus indicating 
that the line is suspended free and not coiled 
up at an obstruction. For some hoses, stretch 
may become important when over 100 ft. 
of light air line is used. One line of single- 
ply hose (used to reduce diameter) was 
found to have a stretch of 19 ft. at 350-ft 
suspension. Correction tables which proved 
fairly accurate were prepared tor various 
lengths suspended and amounts submerged 

The capacity cannot usually be measured 
with the same degree of accuracy as other 
values, but the water level sometimes cannot 
be obtained at all because of insufficient 
clearance between well casing and pump 
column, flanged column couplings, a crooked 
well, mud or debris lodged above the water 
level, water level below bowls of nearly the 
same diameter as the well casing, or baffles 
installed around the column. The drawdown 
is a measure of the performance of the well 
rather than the pump. 

Discharge head, measured by the dis 
charge gage, is generally used rather than 
discharge level (the vertical distance from 
the pump head discharge centerline to the 
water level of the tank), which credits the 
pump with friction losses past the discharge 
gage and also the velocity head. Losses in 
suction pipe, column and head elbow are 
rarely credited, due to inaccessible gage 


connection locations when the pump is in 
a well, Accuracy on levels is limited only by 
the accuracy of the measuring tape and the 
pressure gages, the latter being periodically 
calibrated on a dead-weight tester. 


Motor Input 


Motor input is measured from the speed 
of rotation of the meter disc and from the 
constant applying to that particular meter, 
multiplied by the constants of the potential! 
and current transformers, if used. Although 
ru'es require the electric meters to be accu 
rate only within 2 per cent, the averag: 
error will be considerably less than 1 per 
cent. Motor (and pump) speed is measured 
with a chronometric speed indicator or revo 
lution counter and stopwatch, either through 
a hole in the motor cover or with the cover 
removed. Centrifugal type tachometers ar¢ 
only satisfactory for continuous field use ii 
handled very carefully and frequently cali 
brated. The voltage and current are meas 
ured at the switch box, generally using a 
split-core volt-ammeter. The voltage 
tween phases is measured to determine if the 
motor is receiving proper potential, and the 
voltage to ground is checked to determine 
if any conductors are accidentally grounded 
Current measurements show any possible 
current unbalance. A small current unbal 
ance is relatively unimportant and may be 
due to voltage unbalance caused by a single 
phase load on the same transformer bank 
which supplies the motor. Serious unbalance 
may mean damaged motor windings or an 
improper rewinding job and should be inves 
tigated further to forestall later burnouts, as 
well as to reduce energy losses. Calculation 
of horsepower or kilowatt input from volt 
age, split-core ammeter readings and esti 
mation of the power factor is only relatively 
accurate and should be used merely for 
rough measurements or when the wattage 
cannot conveniently be directly measured 


Capacity Measurement 


Capacity is measured with a pitot type 
instrument, either the Collins flow gage « 
the Hall tube described later. With a good 
piping arrangement, readings approach ar 
accuracy of 3 per cent. Figure 2 shows, at 
the top, a sectional view of a Collins flow 
gage in a pipe. It can be moved to measur 
the velocity at any point across the diameter 
and during such movement has a constant 
area in the pipe so that it does not caus« 
changes in velocity distribution. The Collins 
tube measures velocity by converting the 
water velocity (V), in feet per second, int: 
head, in feet. One orifice faces upstream and 
produces a pressure equal to static pressure 
plus the head due to velocity (4). The 
other orifice faces downstream and produces 
a pressure equal to static pressure minus 
the head due to velocity (h,). In the latter 
instance, all of the velocity is not converted 
hence the constant &, used in the following 
formulas : 


2¢ ; 


In Fig. 2, D is the inside pipe diameter and 
R, the inside pipe radius 

Readings taken with the water manometer 
connected to this tube do not depend on 
measurements of static head, but the distance 
between water levels in the glasses is equal 
to nearly twice that due to the head produced 
by one orifice alone. The scale used to read 
velocity is therefore marked accordingly 
The specific gravity of the water does not 
affect the velocity readings. Obtaining aver 
age velocity by multiplying centerline veloc 





a constant is an extremely rough 
d, particularly with the lengths of pipe 
at most pumping plants. It has 
that if fairly umform velocity 

tribution exists (as shown), the average 

velocities measured at two locations 
0.707R from the center on either side of the 
pe center will give results of reasonable 
accuracy. The tube is reversible, two 
ngs are taken in each position and the aver 
wwe velocity is the average of four readings 
This reversal will show up, by unbalance, 
orifice stoppage or air pocket. The 
ter velocity, although not used in the cal 
also measured to give an 


idea 
velocity 


vailable 


en found 


read 


‘lations, is 
the shape of the 
irve and thus to decide whether a tw 
oint, three-area or five-area traverse should 
used. For greater accuracy, readings may 
taken at three points on each side of 
enter, as shown at Fig. 2 (a), right. Thes 
oints are in three annular rings of equal 
rea and the points are located, not at the 
idpoint of the ring, but so that each point 
eparates the ring itself into two equal areas 
lor greater accuracy, five areas (five points 
each side of center) may be used. If re 
uired, readings can also be taken at an axis 
rmal to the above points (as indicated 
the dots in Fig. 2, right). The axes need 
not be vertical or horizontal, but at the best 
ingles to survey the velocity distribution of 
the pipe. For a three-area traverse, the 
reading points are at distances 0.204D, 
0.354D and 0.456D, on either side of center 
Five-area traverse readings are at 0.158D, 
274D, 0.354D, 0.418D and 0.474D. Dis 
tances are given as functions of D because 
pipe tables and measurements generally list 
liameter instead of radius. With small pipes, 
ire must be taken to keep the orifice out 
f the bushing or pipe wall 


distribution 


V 2gh. 
h of an 
Capacity, 


[he velocity scale is based on V 
but A represents nearly twice the 
rdinary pitot tube (see Fig. 2) 
gallons per minute, equals k, 2.45 D*l 
he constant, hs, is determined by calibra 
tion for various pipe sizes and includes the 
orrection k, and the partial effect of the 
tube area in the particular pipe size ma 
ymeters are used, and for velocities used 
For lower velocities, 3- and 4-ft. above that 
{ the latter, a vertical mercury manometer 
employed. Pipe sizes below 3 in. are not 
desirable. Tubes are in 2-ft. and 3-ft. lengths 
n the 5/16-in. size and in lengths up to 10 
ft. or more in larger sizes. Depending on the 
tube diameter used, “%4- or %-in. IL.P.S. 

Iron Pipe Size” standard) holes are 
tapped in the pipe 


/ 


lig. 2(a) shows the plan and elevation 

a typical pump head and discharge pipe, 
ulicating the effect of the elbow and of the 
haft tube on velocity distribution. It is 
bvious that readings taken in the discharge 
ipe right next to the pump head will have 
than normal error, which would 
we true even if three or five points were 
ised. At 10 diameters past the head and at 
diameters ahead of the next obstruc 
area traverse will 
A typical 
unhalanced velocities produced 
} an elbow is illustrated in Fig. 2 (b) 
Figure 2 (c) shows why it is so difficult to 
btain accurate flow readings past a partly 
losed valve, such as is sometimes used to 
limit pump capacity to a reduced well capa 
ity. Although it is theoretically possible to 
ybtain capacity accurately, even when a 
heavy unbalance of velocity exists, by taking 
a great number of readings on each diameter 
and by using a great number of diameters or 
axes, this method does not work in practice 
nd a more suitable location had better be 
hosen. A two-point reading, using only a 
somewhat battered length of pipe tempo- 
rarily connected to an outlet valve, will pro 


greater 


least 2 
tion, a two-point or three 
generally he of 


ampie accuracy 


exXan ple of 


Pipe Wall 


| Li 


OMIM OO0O00 CTO GeO 


Inclined Mercury Manometer 
(Vertical component of scale used for A) 


— Mercury 
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Water Velocity 


Fig. 3. HALL TUBE connected to mercury manometer 


vide accuracy superior to a hundred traverse 
readings at a section with heavy unbalance 
This statement is true of all types of pitot 
tubes, as well as of other instruments 


Approximately one-half of the 50,000 
agricultural pumps, representing 1,000,000 
hp. of connected load on the system, are 
served by the San Joaquin Power Div. of 
the company. In this area, the Hall type of 
pitot tube is used. While the two companies 
were still separate, San Joaquin adopted the 
single-reading tube instead of the Collins 
tube. Actually both instruments in proper 
hands produce very satisfactory results. Fig- 
ure 3 shows a rough schematic cross section 
of a Hall type tube in a pipe and connected 
to an inclined mercury manometer. The tube 
shown has detachable tips covering pipe 
sizes 6-12 in. and, when placed in proper 
position in the pipe, is not moved from side 
to side or reversed. Three holes transmit 
static pressure to one side of the manometer, 
while a number of holes facing the direction 
of flow average the heads produced by the 
velocities which vary from side to side 
of the pipe. The San Joaquin Power Div 
employs a mercury manometer with this 
instrument, the manometer being inclined, 
to increase the differential reading. Several 
small spirit levels are attached to the ma- 
nometer itself. Each one, when in turn 
leveled by adjusting screws in the base, pro 
vides a separate convenient multiplying 
factor for the mercury differential on the 
incline to obtain the vertical component. A 
water manometer can, of course, also be 
used with this tube. Velocity equals k V 2gh, 
k referring to the individual calibration of 
the specific Hall tube used. In practice, a 
scale proportional to VA is used,, and this 
reading is multiplied by the pipe area, in 
square inches. Correction for the individual 
tube and the particular pipe size and capacity 
is then made by adding or subtracting a 
value of “gpm.” determined by calibration 
One ¥%-in. 1.P.S. hole is required. For both 
the Hall and Collins instruments it is impor- 
tant that the pipe at the point of velocity 
measurement be full, carry as little air as 


possible and be free of mud or other area 
reducing deposits or objects 

Figure 4 shows a Hall tube connected to 
an inclined mercury manometer. Note the 
shutoff cocks to prevent loss of mercury 
while connecting up, and the three 
to remove air from the tube. One valve is 
near each hose bib and one is on the main 
body of the tube. Also note the adjustabl 
clamp to position the tube. These parts were 
omitted form Fig. 3 for simplicity and clat 
ity. The adjustable tips are shown at upper 
right 

A more-or-less standard type of pitot 
tube and water manometer used by the San 
Joaquin Power Div. for pipes over 12 in, in 
diameter, is shown in Fig. 5. With it, read 
ings can be taken at three, five or more 
points on either side of center. In other divi 
sions, various lengths of standard Collins 
tubes are used for this purpose. A standard 
type of pitot tube is also supplied by Collins 
for the use of the other crews where it is not 
convenient to pass the standard Collins tube 
through both sides of the pipe. As few water 
works installations in this territory use pipes 
greater than 12 in. in diameter, these long 
tubes are employed mostly for reclamation 
and irrigation projects pumping large vol 
umes of water through relatively small lift 
In this field, pipe sizes of 4 ft. and capacities 
of 40,000gpm. are encountered, Current 
meters have measured capacities of approxi 
mately 1,000,000 gpm., representing the dis 
charge of ten low-lift pumps. Separate pump 
capacities were determined. Measurements 
of Idlowatts, volts and amperes were made 
for each 2,300-v. motor (225-550 hp.) and 
water elevation gages were checked with a 
surveyor’s level. The company has a hy 
draulic laboratory at Fresno—designed, built 
and operated by the San Joaquin Power Div 

where field instruments can be tested 
against orifices, a weir and volumetric 
measurement. A motor-driven pump dis 
charges water through selected pipe sizes 
FE. J. Griffith, Power Engr. of the Fresno 
office, has given considerable time to the 
design, construction and operation of this 
laboratory 
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Pump Test Reports 
total 
rsepower or kilo 
o determine overall 
with 
i pump and motor 
The vield of the 
gpn per foot of drawdown, | 
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elements 
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witl ther wells in the sare 
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the ame well at 


sult 
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temperature im areas where 
gives 


supply most ot 


f available ome 
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\ change m the temperature ot 


ertain well between tests may indicate a 


r of supply from one stratum due to well 


this mtormation re 


cf llapse The me «(ot 
pure considerable knowledge of the spe 
cihe area. Water 


irea of operat 


temperatures im the con 
pany vary trom Of) te 
ihe 

i pump, motor and 
ven by kilowatt-hour 
This ratio 


units of 


perto } ‘ ' v 
per 1.000 gal. of water pumped 
pumping 
estimating 


valuable in compar ing 


are ystem and in power! 
for new plant 

n overhauling or new equipment 1 
urged to consult his 
final infor 
function of the 
particular 


equipment t 


ceeded, the customer 
ump dealer d well expert tor 
not the 
re ommend the 
inufacture of 
the specih 1 of overhaul 
rire | 

Special Problems 
As motor ar mp manutacturers* have 
of provid 
care and 


' 
nm genera 


excellent job 
routine 
pumps, and as 


works organiza 


; intio on the 
motors and 
larger water 
maintenance 
nly a few brief notes 

‘ problems will be dis 


ineers and men 


better the piping arrangement used 


for testing, the more accurate will be the 
test results 
Z The 


tube can be 


ease with which the pitot type of 
installed, the water level ob 
tained and horsepower input measured will 
determine how much testing a crew can do 
for a customer in one day's time. Under diffi 
cult conditions, only two tests may be made 
per day, while otherwise four to six tests 
are possible. Figure 8 shows two methods 
of discharge pipe layout which provide max 
imum accuracy and minimum test time to 
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Fig. 4. HALL Tube Assembly 


pitot tube 
about ter 


measure capacit Holes tor the 
vre drilled by the test 
d past the pump, leaving two di 

ihead of the next fitting. If the 
below ground, a permanent pit, ex 

on either side 
diameter), to a 


crew 
ameters 
ameter 
pipe 1s 
tending across it at least 3 ft 
above 12 in 


pipe bottom and 3 


(more tor pipe 
depth ot 6 in 


below the 


F g. 5. PITOT tube sscombly 


it. wide, will allow rapid instrument instal 
Where adequate room exists, a head 
f perhaps 10 or 20 ft. due to water remain 
prohibitive t 


lation 
ing in such a pipe is not 
installation 

1. Mueller type 
talled in the pipe 
pump tor 


cocks 
render it unnecessary to 
tube installation 
such cocks not particularly 
desirable for pipes 
as they generally will project into the pips 
causing disturbed flow. In larger pipes, great 

taken in tapping and in 
cock, to prevent excessive 
protrusion into the pipe. Also two 
cocks are used for a Collins flow gage, they 
must be in alignment 

4, A 


illows 


permanently in 


hut down the 
however, are 


measurements in small 


care should be 
installing the 


whe re 


meter is of great benefit. It 
a check of capacity at times of the 
year when the water table may be at an 
extremely low level and the pump test crew 
is not wmmediately available. If several 
pumps deliver water to a master meter, the 
addition of individual meters will indicate 
the failure of one pump. The meter should 
be installed approximately where the check 
valve is installed in Fig. 6 (a) or the gate 
valve in Fig. 6 (b), and these two items 
should be moved two to five diameters far 
ther away from the pump. Meters without 
calibration for long periods lose their ac 
curacy, however. Often checks can be made 
simultaneously using primary measurement 
with an accurately measured reservoir, the 
Collins flow gage or Hall tube and a water 
meter 


water 


5. A means of access to the well 
should be provided either in the pump head 
base or directly under it, or, better yet, by 
means of a capped pipe, as in Fig. 6 (b) 
Che pipe should be welded to the well casing 
or otherwise securely fastened and sharp 
edges smoothed. Public health agencies pre 
fer a capped pipe to an open hole in the 
pump base. 


asing 


6. Where previous difficulty has been en- 
countered in obtaining the water level, be 
cause of insufficient clearance, falling water 
or excessive oil on the water surface, a per 
manent air line should be installed and its 
effective length plainly marked in the pump 
house. Water conditions will dictate whether 
steel or copper is used. With copper, if com 
pression joints are used, they should also be 
soldered; otherwise vibration may produce 
leaks, rendering the air line useless. The 
customer may desire to have a direct 
reading gage and hand pump permanently 
connected for his own readings, but the test 
crew will use their own calibrated gage 
The air line should be securely fastened so 
that the attachment of a gage will not cause 
the line to drop down the well, and it should 
be sufficiently clear of the pump head to 
allow turning the gage for connection. If 
water level and discharge pressure records 
are kept during the summer low period, 
the same total-head condition can be dupli 
cated in the winter—when more time is 
usually available for testing—provided that 
the discharge pressure can be raised by the 
use of a valve, or lowered by the use of a 
large drain valve, as required 

7. Information on the diameter and depth 
of each size of well casing (if more than 
one is used), the pump setting, bow! length 
length of suction pipe and existence or ab 
sence of a strainer should be available in the 
pumphouse for the benefit of the tester in 
obtaining water levels and properly inter 
preting them. A well log, with the location 
of casing perforations, is of considerable use 
when reliably prepared 

8. Fuses should be of the size and 
should make good contact with the jaws. The 
overload relay mechanism should be in 
spected periodically for movement 
which might be hindered by mud daubers 
and mechanical damage Thermal 
heaters should be installed only in the size 
proper for the motor rating and the air tem 
perature where the motor is located. Motors 
under average temperature and air circula 
tion conditions can generally be safely over 


prot 
proper 
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loaded 15 per cent, but when in pits or other 
onfined places, even the full rated load may 
be too much for motor satety 

9%. A situation exists with regard to motor 
protection which is not universally under 
stood and which will, therefore, be very 
briefly covered here. Two heater elements in 
the starter will protect a three-phase motor 
against practically all fault or overload con 
ditions of excessive current 0« curring on the 
motor, of side of the power 
transformers. Under certain conditions, ap 
transformer connections used in 
country, the 
(due to accidental break 
age) will produce a current from two to 
three times normal in one motor conductor 
and perhaps only slightly more than normal 
urrent in the other two conductors. If this 
heavy current occurs in the unprotected con 
ductor, and, as often happens, the motor 
does not stall and the current in each of the 
other two conductors is not enough to trip 
the starter, the motor is not protected. If 
the motor has already been carrying full 
load, it will probably burn out in 20-60 
minutes; otherwise, a somewhat longer 
duration of the primary outage might be 
required for a burnout. Each year a large 
number of motor burnouts are encountered 
by the company for this reason. It is not 
practical, from the standpoint of the best 
all-around service and lowest rates to the 
customer, for the company to attempt to 
provide protection against loss of a primary 
wire on the primary, high-voltage side. The 
one water works motor could be 
very critical during the summer heavy-load 
mention the expense of re 


secondary , 


plying to 
many parts of the 
primary conductor 


loss ot on 


loss of 


period, not to 


winding the motor. A thermal relay should 
be provided in the unprotected conductor 
Thermal type fuses in the switch box will 
perform the same function, but it would be 
ideal to use three thermal relays and three 
thermal fuses. Electrical dealers can rec- 
ommend the proper sizes of each 

10. Often a customer installs a new pump 
or new set of bowls with guaranteed per 
formance values and requests the company 
to make a test to determine if the guaran 
tee has been met. The company is ready to 
do so, but the tester will not advise the cus 
tomer to accept or reject the pump as a 
result of the test. Also, when comparing test 
and guaranteed values, instrument accuracy 
limits must be considered 


Summary 

1. Pump testing assists the 
maximum capacity 
efficiency with minimum energy 
minimum motor size 

2. Both Collins flow gage and Hall tubes, 
in proper hands, give satisfactory accuracy 

3. Although ten diameters after and two 
diameters ahead of elbows or other flow dis 
turbers are desirable, satisfactory results 
can be obtained with half and sometimes 
one-third of these distances when care in 
positioning the instrument is exercised 

4. When water works customers are in 
stalling new plants or revamping old ones, it 
is an excellent time to rearrange piping for 
ease of capacity measurement. When the 
pump is out of the well, it is a simple mat 
ter to provide an entrance to the casing (if 
not already there) to allow water levels to 
be obtained 


customer m 
at maximum 
usage and 


obtaining 


R-53 

5. A water meter properly 
periodically calibrated is of great assistance 
in taking measurements of capacity during 
the year and shows up decreased capacity 
due to wear or lowering of the water table 
6. Where exeprience shows that water 
levels cannot be easily obtained by the elec 
tric sounder, a permanent air line, properly 
measured and secured, should be supplied 


located and 


sizes and 
well and 
available 


7. Information on well casing 
depths, pump dimensions in the 
effective air line lengths should bx 
near the pump 

8. All three-phase motors driving 
important equipment as water works pumps 
should have three-element protection 

9, The Pacific Gas and Electric Co, is 
not always able, with existing test person 
nel and equipment, to test all plants as re 
quested, particularly during the summer ir 
rigation season. Most farms cannot provid 
a place to receive pumped water during the 
winter without damage resulting, while 
most water works can easily find space in 
their storage to allow pumping during the 
winter for an hour or so, Hence, it is prefer 
able to test water works pumps during the 
winter, acceptance tests being an exception 
Some larger water utilities may prefer to do 
part of their own testing 

10. Pump testing has resulted in higher 
average overall plant efficiency and has re 
duced power costs. Analysis of tests made 
for the company’s farm, water works and 
other customers, and comparisons of thei 
power accounts, show that thousands of 
dollars are saved each year as a result of the 
pump testing service 
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Calculation of Pipe Lengths For Inclined Diagonal Runs 


Water works men may find the following formulas interest- 
ing and helpful in figuring lengths of pipe and tie rods on in- 


clined diagonal runs 


The formulas are also useful in finding the approximate angle 
f fitting, theta (@), required (when bell and spigot pipe and 
when the dimensions in three planes have 


fittings are used) 
been decided upon 
The evolution of 


the formulas (see 


q red 


Sketch Explanatory of Formulas for Lengths of Pipe for Diagonai 


illustration) are also 
given in case the-principle of revolution to a vertical plane may 
have further advantages in similar problems. 

The subtraction of the center to end of spigot and center tc 
back of bell taken from D gives the true length of pipe re 


CHARLES FRICK 


D = VA’ + B’ x Csc (0) 
C = VA’ + B’ x Cot (@) 
Let A = 8'0", B 
4 and length of pipe required on 12 
D= Vv (8) + (9.5)? x Cse 45° 
=.V 644+ 90.25 x 1.4142 
17.56’ = 17'6%” 


Example: 


Find—C 


Length of pipe 


B.—When measurements in two planes are known and angle 


f fitting (@) decided upon, then 


Formula III 
Formula IV 
(0) = 45° 


2” line 


9’6”, 


D — (C to E of S. + C to B of B.) 


= 17’6¥%4" — (2'1%") = 15'4%" 
V (8)? + (9.5)* x Cot 45° 


VOi= 90251 


12.42 


Runs and Angle of Fittings 


A.—When measurements in three planes are known, then 


B* + € r 

V A’ + B’ 

L (@) too _ ees “awl 
C 


A* + 


D EY 


Example: 


D = Vv (5.5)*+ (3)*+ (14.75)* 
? 


= V30.25 + 9 + 217.56 = 16.025’ say 160” 


Formula I 


Formula II 


Let A= 5’6", B=3'0", C= 14'9” a 
Find (@) and length of pipe required on 8” line. 


- 





4 (@) «toe _— 
14.75 
V3925 6.265 


Vv (5.5)*+ (3)*' V3%254+9 


14.75 


By 


\ 


=— = 0.42474 


~ 4475 1475 


L (@) = 23° + and a one-sixteenth curve may be used. 
Length of pipe = D — (C to E of S. + C to B of B.) 


= 16'0" — (2'1°4+) = 13'11"— 


1 = 12.42’ 


Sketch explanatory of formulas for lengths of pipe 


for diagonal runs and angle of fittings 
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a 100% NON-CLOGGING 
SEWAGE PUMP 


THE WEMCO TORQUE-FLOW SOLIDS PUMP 


Rags, stringy fibrous materials and thick sludges can flow through this 
pump indefinitely without accumulating or clogging. Bar screens can 
be eliminated pump inspection periods can be lengthened — and 
Here is how it works messy pump teardowns become almost a thing of the past. 


Rotating impeller induces swirling 
in the fluid FIELD PROVEN BY LOS ANGELES COUNTY SANITATION DISTRICT 


vortex developing 
entrifugal heads of more than 100 ft 





A “hand made" early model Wemco Pump was installed on a 90 day 
trial pumping raw settled sludge. Previous modern pumps had been 
ragging-up in excess of four times per week. The trial period was com- 
pletely successful. Not a single stoppage occurred. Even this hand 
made model is still in continuous operation after more than fourteen 
Vvedten expends late food months. This resulted in many additional pumps being installed at other 


line — not unlike the critical points in the system. 
waterspout of a hurricane 


= COMPLETELY NEW IN CONCEPT 


Success of the Wemco Torque-Flow Solids Pump is 
due to its unique new principle. Nowhere is its 
flow passage narrower than the discharge — and 
Fluid and solids begin swirling ' there are no rag catching projections, corners, or 

| ao beret 4 rage aclu edges. The impeller is recessed from the main flow 
It pumps by inducing a vortex and swirl. It will 


} 
create suction lifts greater than 20 feet or pump 
VA ——- heads of 100 feet and more 


entrifugal force d 





ds in tess tha 


Seldom do they t 





Write for full particulars to Dept. L-2045 


REPRESENTATIVES IN PRINCIPAL CITIES OF THE UNITED STATES AND 
CANADA AND IN MAJOR COUNTRIES THROUGHOUT THE WORLD 
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ELECTRICAL EQUIPMENT OPERATIONS” 


read 


he CTRIC power is reliable, 


4 ily available, simple to obtain and 


relatively low in cost. It offers an 
excellent source of power for oper- 


ating pumps, instruments, controls, 
chemical feeders and lighting and 


communication systems 


Definitions 


lo understand electricity and elec 
trical equipment it to be 
with a fundamental 


is necessary 
acquainted few 
definitions 

llternating current ( A.C.) 1s elec 
tricity which flows from the generator 
in one direction for a definite period 
of time and then reverses and flows 
in the other direction for the same 
period of time. 

Cycle or frequency is the number 
of times alternating current reverses 
its direction eac! Most com 


mon is 60 cycle, although some older 


second 


stems are 25 cycle 

Direct current (D.C.) tlows in but 
one direction, Battery output is direct 
current. D.C 
but is not used much 

Units of electrical measurement in 
clude: Volt (V), 
or potential ; ampere (Amp.), rate of 
flow: ohm (R), resistance: watt (W ) 
or Kilowatt (KW), electrical power 
Electricity is usually sold on the basis 
of kilowatt-hours (KWH) or num 
ber of KW of power consumed times 
the number of hours involved 

Phase 
to the time relation 
flow and the potential 


can also be generated 


electrical pressure 


in alternating current refers 
current 
systems 


between 
may 
be single phase (the current and po 
reverse at the instant ) 


tential SAlrie 


or poly-phase where the power is 
supplied from two or more generators 
different time 


(two phase cycles are 90 deg. apart; 


operating on cycles 
three phase cycles are 120 deg apart ) 

Power Factor of a circuit is the 
ratio of the true 
through it to the product of the volts 


power passing 


times the amperes 
Load Factor is the 


ratio of the 


daily 


average 


(monthly, 
ve arly } 
to the maximum 
machine, plant or system 

Demand Factor is the ratio of the 
maximum load actually taken by an 
installation, to the total connected 
load (sum of ratings of all appa 
ratus) 


pe we! 


power used by a 


Equipment 

In the design of water and sewage 
works, provisions must be made for 
and using ele 


receiving, conveying 


includes 
circuit 


trical power. Equipment 


transformers, switchboards, 
breakers, motor, circuit and meters 

Type of equipment must conform 
to the type of electrical current avail 
able. Most power lines in this country 
carry three-phase, 60 cycle alternating 
current, but in some instances direct 
current is available 

Voltages used depend on type of 
equipment: 110 volts for lighting, 
small motors, and appliances. Larget 
motors use 220, 440, 550, 2200, or 
4000 volts, depending on size; the 
latter two voltages are used for 
motors of 60-100 hp and more 


Types of Motors 


con 
Suit 
speed, speed regulation, con 


In selecting electric motors, 
siderations should be given to 
ability ; 
trol, starting ease, current, and 
torque ; factor, rated power, 


partial load characteristics; and type 


power! 


of enclosure 
Induc 
and 


lypes of motors include 
(both wound rotor 
squirrel cage), and synchronous mo 
tors. The former obtained 
in single-phase and polyphase, with 
single phase being heavier, 
costly, less efficient, more difficult to 
start but with a lower power factor 
Squirrel cage induction motors are 


tion motors 


may be 


more 


frequently considered as most suitable 
for driving water works pumps. Syn 
chronous motors have low power fa 
tors, and higher efficiency but 
more originally than squirrel cage 
motors, and require a source of D.C 
Chey are usu 


cost 


power for the exciter 
ally used in sizes, 200 hp and over. 

Che design of motors depends on 
use and installation in many instances 
lhere are open motors, partially en 
closed, totally enclosed : drip proot, 
splash proof, water-proof, submers 
ible, gear, brake, etc. Submersible 
motors are used with deep well and 
sump pumps. Motors may be direct 
connec ted, close coupled, or magnet 
drive for connection to pumps, or 
may drive equipment from jack shaft 
or through gears 

Motor speed is an important factor 
in the selection of electrical motors 
High speed motors cost less but slow 
speed motors are used for equipment 
that moves slowly like flocculators 
and clarifier rakes. Frequently the 
speed is reduced through a gear train 
Variable speed motors find applica 
tion with centrifugal pumps if the 
water is not 


demand for constant 


Installation 


Che setting of motors is important 
to the proper operation of both pumps 
and motors. The foundation must he 
large and stable enough to prevent 
vibration and must be level to prevent 
misalignment of pump and motor 

Transformers are used to step 
down the transmission line voltage to 
that of the equipment. As a matter ot 
safety, transformers should be placed 
in fireproof rooms or at points pro 
tected from personnel traflic in water 
or sewage works 

Relays and circuit breakers are used 
to protect equipment, and to start and 
stop motors, pumps 

Switchboards contain the necessar) 
devices to start and stop motors ; close 


and open valves; operate relays; and 


house meters, recording and indi 
cating instruments, et¢ 

In the 
equipment safe practices must be fol 
lowed, The National Electric Code 
Handbook contains details of stand 


- standard ratings of elec 


installation of all electrical 


ard practice 
trical equipment have 
the Am. Inst. of Elect 
standards for electrical 
and installation methods have 
adopted by the Nat. Bd. of Fire Un 
Amer. Stds. Assn 


been set by 
kngrs.; and 
equipment 


hee 1 
derwriters and the 


Operation Problems 


In addition to standard safety pre 
cautions with regard to personnel, 
there are a number of 
to be taken to protect the equipment 
itself Motors 
against too much or too little voltage 
little 
current, reverse power ; 
lightning, current surges 
breakers used 


precaution 


must be protected 


too much or too load: reverse 
reverse phase 
Fuses o1 
for over 


circuit are 


loads 

Motors 
above an 
40°C, unless especially designed for 
high temperatures, Moisture and dust 
must be kept out of motors 

Motors should be started under full 
line current, but this is not alway 
possible and special devices are used 
to protect the motor in starting. Wher« 
pump discharges are valved, an in 
terlock switch is used to prevent 
tarting the pump and motor with a 


should not be 
ambient 


operate ad 
temperature ol 


closed discharge 


*Material for this discussion is based 
part on Chap. XIV on “Electrical Equiy 
ment” in Water Supply 
Babbitt & Doland (McGraw 


Engineering | 


Hill) 
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COULD YOU LEARN TO CARE ~_»- 


ABOUT. ee 


A 
yr 
— | 
~ 


“7 
gy “Mortimer Magnetizer is my name. 
i Nobody has ever actually seen me, but 
anywhere electric motors are being used I get a 
powerful lot of work done! 
“What I do is really simple —1I set up the mag- 
netic fields in the motors, and until I get going 
nothing much happens in your plant. 


“Now, that’s all well and good. I like my work. 
But it’s the Power Factor business that bothers 
me. Because of low power factor in ri 
many plants,I get alotofblame that’s gir 
really not my fault. Honestly. 

“You see, many plants use a good- % 
ly number of induction motors, and | like to 
magnetize them... they're hard workers. But 
unfortunately the reactive kva which I must have 
to magnetize is not produced by an induction 
motor. Instead, | must draw it from the main 
power system, and in a plant full of induction 

motors I can really ‘overdraw’ my 

K account! 

‘ “This means the incoming power 
system must carry two things — kilowatts for use- 
ful work by the motors, and plenty of reactive 
kva for my magnetizing. The more of the latter, 
the less of the former, and brother, that’s low 
power factor. It’s expensive, because the ‘dead- 
head’ reactive kva can’t do the work you want 
done, and yet you pay for it. 


Nunley ' 


GET THIS NEW SLANT 
ON POWER FACTOR 


Here's a brand new 32- 
page, 3-color, highly 
illustrated story of Syn- 
chronous Motors, and how 
to use them for power 
factor correction. Write 





Specialists in making motors do EXACTLY WHAT YOU WANT THEM TO 


Rererence & DaTta— 1965 


for your free copy of 42D. 


Le A 
an 


“I'm Mortimer Magnetizer. 
1 care!” 


“What's the answer? Why, it’s simple. The 
answer is Synchronous Motors. Use them where- 


K 


ever possible! They not only supply 
their own reactive kva for my mag- 
netizing, but they can even be de- 
signed to supply extra or ‘leading’ reactive kva 
to offset kva demands elsewhere on the line. 

“Now here’s Utopia for me! When you use 
Synchronous Motors to supply reac- ds 
tive kva, you can reach a glorious K 
state called UNITY, in which no ‘ 
costly reactive kva is required from the power 
system. Brother, that’s high power factor, and 
that’s how I work best! 

“Where to go for Synchronous Motors and 
expert help on their applications? Go to E-M, 

Aa of course. E-M pioneered the use of 

A Synchronous Motors ...E-M engi- 

s neers know them and their applica- 
tions from A to Z. And, naturally, Power Factor 
Improvement is a specialty at E-M. 

“They've put all the answers into the practical, 
informative book shown at left. And ask your 
E-M sales engineer for helpful suggestions. He 
knows me, I know him. We work well together!” 


ELECTRIC MACHINERY MFG. COMPANY 
MINNEAPOLIS 13, MINNESOTA 


200-TPA-2142D 





Practical Electricity in the Plant 


Volt Equals Pressure 
fi VOLT is the unit of electrical 
pr ure. just as water pressure Is 
measured in. tert per 


square inch Tcss 


of pounds 
. 


electrical 
measured in volts. Voltag 
times expressed 
a abbreviatio 
force. The 
Much ¢ 
tandardizing ric: age 
110 volt cu 
110 to 
tact, most 
supplied by 


tlort directed to 


pressures 
cut ma ictuall ange tro 
125 volts or e 

residential demands 
110 


ore in 


lic utilities a olt usuall 
120 or 125 volts 
large de\ 
for 3 
] 


eTround ) 


current consun 
built 
SeT VICE : phase to neutral 

Ing 110 volts phase to phi 
220 volts.” If the “110 
tually 120 volts, then the 
becomes 240 volts 


nig 
such as ranges are 
is¢ being 
olt , Is Fe 
AO volt 


Fractional horsepower us 


motors 
designed operate 


| from the 
lighting ircult Larget 
motors are available for 110, 220, 440 
2,200 and 13,200 xisting i 

the tage. often is 
by the original design ; but in 


to 


ually 


110 


are 
volt 


stallations, fixed 
new if 
stallations motor vo hundred 
horsepower genera | operat d at 
either 220 or 440 vol 

the a 
peri need electrical de 


the best econom ind 


instal 


lations warrant 


IExtra-heavy fittings and greater 


precautions are necessat when great 


er water pre . ed 0 


greate r care 


ures are u 
| 


too 
both of lite 
rreater electrical 
However, pre 

sures of as little as 110 volts, in com 
mon 


must rt taker 


and property when 


pre ssures are used 


use, may prove fata ind care 
hould always be taken to avoid per 
when hands 


11 
t spc Ali 


sonal contact 
or feet are wet 

Incandescent filament electric lamp 
sensitive 


lor 


are highly to voltage change 
that which the cle 
signed. Particularly is this true in its 
effect on the life of the lamp For ¢ 

ample ; lamps rated for 110 volts and 


from were 


operated at 118 volts would increase 

the cost of lamp renewals by almost 

300 per cent 
lluorescent while 


lamps not 


seriously affected by over-voltage, are 
subject to ballast failure and rapid loss 
of light output if started and operated 
at above their voltage rating. Of 


{’ par 
ticular interest to the operator is the 


By MARSDEN C. SMITH 
Chief Engr., Dept. of Public Utilities, Richmond, Va 


effect of humidity and temperature on 
these lamps 
is 50° | 


If the room temperature 
if the 
then 


otherwise ut 


or lower, or humudit 


is above 70 per cent, rapid ce 


preciation and satistac 


tory operation ts to be expected 
electric 


sensitive 


motors are not earl 
te 


nor 


voltage change a are 
are 
those 


controlled 


heating devices pat 
that are thermostat 

Motors 
al applied voltages 


lamps ; 
ticularly 
14 ally 


stIC4 esstull 


will operate 
withn 
10 per cent above or below their rated 
oltage 


i" 
Penerall ( 


Greater voltage variation will 


aAUSe CXCESSIVE he iting of 


satistactory operation 


Ampere Equals Rate of Flow 
LH IMPERI: is: the 
electrical rate of flow. We are 
vith the various me ol 
of flow of liquids ; gallons pet 

ve should think of 

of of electricity a 

In equations its 
erally | 


abbreviated to * 


unit ot 
I inuliat 
asure the rate 
minute 
the 
the 


mibol Is vel 


unit 


ile How am 
per 
In print ampere 1s 

\mp 

are required to cart 
flow 


0m too, large 1 


arger pipes 


ites of ot water econom 


vires are needed 


art larger current ampere 


onomically. Small pipes may be un 
too 


ssure. In ¢ 


CMO al bec aus 
ot 


amie Wa 


friction Cause 
vreat los 
actly the 


all for the amperage 


water pre 


yires tla be too 
(current flow ) 
ind cause an uneconomical lo ot 
electrical 

here 


! the Cas 


sure oltage drop ) 

standard current a 
the voltage ol 
apparatu Keach appliance 
lamp, heating 
the 
its design 
How 


current that 


are no 
ror ratiny 
electrical 
take 


cle vice ete trom 


circuit a current dependent upor 
lacl 
Motors require 
with 


xcept lamp ) 


and of resistance to 


lor ¢ cample a 
the load. Each 
hould 
rating 
Lamp 


VaTics 
electrical unit (« 
have its 


normal current 


stamped upon its name plate 
current is approximately determined 


by dividing its watt rating by its rated 
voltage 

However, there are certain appli 
switche 


current 


s such as wire, fuses and 
rated in terms of the 
: thus, 


ance 
that 


they may 


are 
safely carry 
to this extent are standardized 
plant should realize that 
these current ratings are fixed by the 
National Electric Code, and he should 
never permit greater current to flow 
through than the 
established by this code. Oftentimes 


currents 
Ihe 


Manager 


accessories limits 


the 
which ts 
the 
Such practice ts both uneconom 


circuits fused far bevond 
rated capacity ol the 


protec ted by 


are 
wire, 
supposedly being 
fuse 
ical and dangerous 


Most appliances, including motor 
the 


In 


connected between 
that is thi 
the circuit voltage is impressed upon 
to 
ow through the appliance in a quan 


tit 


are 


supply 


lines in parallel way 


, 
each appliance, causing a current 


i 


dependent upon its rating and 


These increments of current 
the 


reater total current near 


load are 


hence 
yreatet and @ 
er the For example 
ive 1,000 watt lamps rated 100 volts 
each require 10 amperes, Let us desig 
these as to tive 
the to the 
remote, Both wires between the 


the tirst (No 1) 


SO amperes hetween | 


added supply wires carry 


wource of powell 


nate numbers one 


trom nearest the supply 
most 
and 


upply 


lamp 


? 


carry and é 


10 amperes, and so on until between 
tand 5 the current has reduced to 10 
amperes, OF that required by No. 5 

the last lamp 


cally) the same voltages a 


They all have 
the 


(practi 
upp! 
applied to their terminals 
Ohm Equals Resistance 
OHM i 


ane In equations it 


THI the unit of electrical 


lf we close the spigot, even though 
there is the 
because the resi 
ult i 
electri 
till 
sistance (ohms) be 
that no current | 

This is 


istance 


water pressure at valve, 


no water can flow 


tance 1s too great. The same re 
obtained when 
switch : the 
ex ts but 


vrTreat 


opening an 


pressure (voltage ) 
the re 
cone 0 any 


peres) ci flow an ¢ xample 


of localized re 
llectrical resi 
tributed, in 


tance he «i 
fact is distributed alony 
the conductor just as is the pipe r 
to 


ha 


tance water flow proportional to 
length and condition 
nately, in electrical 
Oo! 
rectly 
and 


the 


Fortu 
the lo 
always «i 

proportional to the resistance 
rate of current flow. Therefore, 
loss of (to discussed 
later) 1s proportional to the resistance 
and the 
curretit 


if s1z¢ 
circuits 


voltage (pressure) 15s 


power he 


square of the rate of flow or 


\n electrical device, such as a lamp, 
does not use or destroy current in the 
sense that an oil lamp consume 
but by its 


limits the 


oil, 
relatively high resistance 
current that may flow as a 
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ssed electromotive 
us we have the sim 


ortant equation known as 


l 
» standards of resist 
the established resist 
ngth of electrical con 
istance alloys may be 


electrical engineer 


Watt Equals Power 


VATIT is the ele 
lhe 
Kilowatt, which is one 

The symbol for the 
att is W: for the Kilowatt KW 
unit Of power 15 
one horse-power (HP) 


unit of 


iCal power commonly 


i 
ed unit os the 


most 
thousand watt 


he mechanical 
horse-power ; 

the equivalent of 746 watts or 0.746 
kilow: Due to the fact that the 
mall motors 1s approxi 
the input in kilo 
the 
output in 


ethciency of 


tatel / per cent 


itt I by cone idence, closely 


ue as the mechanical 


hav ‘ powe!l 


With direct current, electrical pow 
is the product of the current (1) 
have 


the voltage (It). Thus we 


(2) 
ibstituting for (EE) from equa 


ere. | kl we have 


(3) 


ubstituting for (1 where 


the are equatior 


(4) 


that ele 
with both 
resistance 15 


Oo it becomes evident 


trical power varies directly 
ind voltage, 1f 
ot considered, but as the 
either (I. or L) if the 


msidered 


curren#t 
square of 
resistance 1s 


Direct and Alternating Current 


| ormula 
uit that 


1) applies only to eit 


contam nothing but re 


istance, no inductance or capacity ; o1 
which the Irequen 
Land b are 
terminals of a 
in the 
thu 

(unidirectional 


those circuits im 


! ero. it two wires 
ft connected to the 
batter the 


Te 
vill ix 


current flow wires 


one direction becom 


ing a ‘direct current 
uch circuits usually are re 
ferred to as Lb). 


hatter 


current 
circuits and include 
upplied devices. These cir 
cuits are seldom used for public pow 
er except in limited areas of oldet 
ithe 

If now we reverse the connections 
of the 


the current 


two wires each second, then 
will flow in one direction 
but will 
reverse direction during the next 
the 


same direction in the 


tor econd, flow in the 


current will 


Obviously 
in the 


Same wire commencing once cac h sec 


e"" ond 


then flow 
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rceut diagram 


Such a circuit would be defined 

alternating current’’ (or volt 
age, or circuit) having a frequency of 
hus it is evi 
is the number 
of the 
number of times the current flow re- 


ond 
as an 


one ¢ ycle per second 
dent that “frequency” 
of “cycles” per second, or 


verses in each second 

The almost universal standard fre 
quency 1s 60 cycles per second, 
and the time-potential value of the 
follows the law 


now 
voltage closely sine 
his latter fact permits the use of vec 
tors in the solution of alternating cur 
rent problems, but such solutions are 
heyond the scope of these notes 

If a direct current is caused to flow 
through a coil of wire having a resist 
wound around an 
iron core, then since the frequenc \ 
formula (1) 
But if the current is made alternating, 
the value of R seems to increase more 
more as the 
This is because the coil and 
“inductance” the 


ance of R ohms, 


is zero can be used 


and frequency is in 
creased 
its iron core form an 
nature of which is mechanically simi 
lar to a heavy fly-wheel. Inductance 
opposes any change of current flow 
and thus prevents the current from 
proportional to the voltage 
speaking). If the coil 
no resistance assumption } 


peng 
(roughly has 
(academu 
then this inductive effect would cause 
the current to lag 90° behind the volt 
age causing it to flow. Parenthetically, 
‘capacity’ (insulated plates or paral 
lel wires), which is an effect negligible 
in water plant installations, causes the 
current to lead the voltage by 90 

lhus, if the capacity effect is equal to 
the inductive effect, these cancel and 
the circuit behaves as if it contained 


neither capacity nor inductance 























FIGZ 


Figs. 1 and 2 


Thus in an alternating current cir 
cuit, equation (1) becomes 


E = ZI (5) 


in which Z is the wmpedance of the 
circuit and its value is expressed in 
ohms. 

Many electrical appliances, includ- 
ing heating appliances and lamps have 
little if any magnetic effect (hence 
little inductance) and so may be used 
equally well in alternating or direct 
current circuits. Motors must be of 
a special design if they are to be used 
on both AC and DC circuits; and 
transformers must never be connected 
to DC supplies. 


Power Factor 


The above equation (2) is gener 


ally used in the form: 
P EI Cos 6 (6) 


In which the Cos @ is the power fa 
tor of the circuit, sometimes abbrevi 
ated PF. The angle @ is the time dis- 
placement between the voltage and the 
current which, as has been shown, is 
determined by the relative values of 
resistance and the inductive and ca 
pacity effect in the circuit. Since this 
may (theoretically) be of any value 
between zero and 90°, the power fac 
tor may have any value between zero 
and one 

The actual mathematical value of 
the power factor of circuits is difficult 
to compute, but may be readily deter 
mined by an instrument designed for 
the purpose or by the simultaneous 
readings of power, voltage and cur- 
rent by means of a wattmeter, volt- 
meter and ammeter 

\s has been stated, the PF 
ing appliances and lamps 


of heat- 
is quite 


FIGS 


uit diagram 


-Fig. 3 





Fic 4 


Circuit degram—liy 


nearly unity 

The PF of motors and transtorm 
ers vary through rather limits, 
being nearly zero for transformers at 
\s their name implies, induc 
relatively bad 
power factors, small units being as 
low as 60 per cent at light loads and 
at full load 


wide 


no load 


tion motors also have 


large motors of this type 
not over 94 per cent 

Synchronous 
at from 60 per cent lagging to the 
same value leading, thus cancelling 
the low PF of inductive units on the 
same circuit 

Low power factors are serious be 
cause of the greater current required 
for the same power, thus increasing 
the power loss in the wiring of the 
Che effect on the con 
stancy of voltage is also quite serious ; 
in fact power companies frequently 
offer reduced rates to encourage the 
use of high power factor equipment 

Obviously the operator can do but 


motors may operate 


power supply 


little to improve the power factor of 
his system except in the selection of 
the type of motor, as more fully dis 


cussed later 


The Kilowatt-Hour 


Che kilowatt hour is the unit by 
which electric power is generally sold 
As its name implies, it is the average 
power consumed, in kilowatts, multi 

the number of hours in 
For example: if an electric 
iron is operated for two hours at an 


plied by 


volved 


average rating of 600 watts, there is 
used 600 x 2 1200 watt-hours, or 
1.2 KwHrs 

Che volt ampere (VA) is the prod 
uct of the volts and amperes of a cir 
cult or an appliance, without refer- 
ence to power. Thus, the transformer 
is always rated in volt-amperes (VA) 
because its parts can be designed for 
the voltage and current value desired, 
but the power-factor of its load deter 
mines its power output. Thus we see 


that 
KW 


Hence, if we are to know 
load for a transformer rated at 100 
KVA, we must first determine the 
power-factor of the load to be con 
nected. If we may assume one-half 
of the load to be lamps and one-half 
approximate 


Kva x Cos @ (7) 


the sate 


small motors, 
the average power-factor as 82 pet 
cent. Hence, by equation (7) we find 
Kw 100 x 0.82 or 82 Kw to be the 


safe load for this case 


we may 


Grounding 


Grounding is the connection of one 
electric system or any 
the system to the 


wire of an 
metallic part of 
earth 

All alternating 
grounded, and the grounded wire is 
called the ground or neutral: the wires 
not grounded are called the hot or 
phase wires. The neutral is the point 
of equal potential to the phase wires 
(See Figs. 2 and 4). The neutral of 
Fig. 3 is neutral to the two bottom but 
not the upper phase wire. If there 
were no ground of the transformer 
neutral or of the phase wires in Fig 
3, the neutral would be an imaginary; 
point, 

The ground must be equal in size 
or larger than the phase wires ; and it 


circuits must be 


must not be fused or connected to any 
switch, and the wire used for the neu 
tral must have white covering for 
identification, and the neutral 
be connected to the white screw in all 
receptacles. In the single phase, two 
wire system one of the wires must be 


must 


grounded and the same rules as given 
for the neutral conductor must 
be observed. 


wire 


The approved maximum voltage to 
ground for any wire 
standard “house-wiring’’ switches and 
receptacles is 150 volts. This is why 
only one phase of a 220 volt delta 
system may be used for the lighting 


connected to 


R-59 


circuits. Where greater voltage exists 
for motors etc., the wires must be en 
closed in a metal conduit and the 
frames of the and conduit 
system electrically connected and 


motors 
grounded, Grounding should be care 
fully inspected at sufficiently frequent 
intervals to make certain that the es 
sential protection it provides is in 
perfect condition 

Grounds should be carefully made 
preferably use not less than No. 2 
B&S gauge wire. Several 
grounds are preterable to a single 


— _ 
copper 


ground in order to lessen the chances 
of broken connections. Use the water 
pipe system; the larger the pipe, the 
better. Do not use the gas, gasoline 
or oil pipe lines. Be sure the connec 
tion between the wire and pipe is elec 
trically and mechanically as perfect 
If no pipe system is avail 
drive at least three 1% inch 
pipes, or equivalent copper rods, well 
helow the moisture line in the earth 
\ good test is that the driven ground 
connection, when shorted, should 
blow a 30 ampere fuse at 120 volts 
rhe grounding the 
electric circuits is to prevent danger 
ous high potential voltages (through 
mistakes or accidental contact) from 
increasing the normally low~-potential 
circuits to a dangerous value. ‘The 
wiring for lighting systems of build 
ings 1s designed for a maximum 150 
volts to ground. Let us assume that 
a street circuit operating at 
5,000 volts should fall across the sery 
ice wires from the pole to your home 
With no ground on the “neutral” of 
your wiring, its potential 


as possible 


able, 


necessity for 


series 


secondary 
would be raised from its normal low 
value to a maximum of 5,000 volts 
Certainly must happen ; 
either a fire would be started, or pet 
haps a member of your family would 
be killed. Now consider these 
conditions to exist, except that now 


something 


Sane 


your “neutral” is properly grounded 
When the high-potential circuit is 
now temporarily crossed with service 
the high-potential currents are safely 
carried to ground, and no one in the 
home would realize the possible dis 
aster that the ground connections have 
prevented 


Phase 


Phase is a term also applied to de 
ignate the circuits of an alternating 
current the “Single 
hase” system the voltages are in the 
same time-phase in all parts of the 
In the “Two-Phase” 


system In 


system system 
the two voltages are 90 degrees apart 
Chree-Phase”’ 
are 120 degrees apart 


and im the ‘ system the 


In anothet sense, it may be cor 


idered that there are in effect one o1 
two or three circuits in the single, the 
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three system {1 


phase 
ind power factor it 


‘ ma differ. and 
itation of pov i) 
difficult 


hecone 


if ol the eT inda 


Circuits 


phase 


i J the 


two-wire 

in ple ! 
oOnnectpon \ cet 

used 


al d 


the connection 


ind small motor 
the largest tem 


three-wire circutt 


wire 

wore 

needed tha economically 
hed by the two-wire 


vermit 20, volt unit 


ected t vo fused 


that volt 


loads are identi 


the te ‘ 
' he 1 the 


more 


to vrourn 


; 


cal the ne | wire carries no current 


lyut may Plot (melt ) 


the 


mce on iipse 


the neutra ist cart ame cul 


re t " the pha ‘ wire and hence 


but even 
of the 


must be of the 
thi ! ave 
that 


Athi 17¢ 


ther on hour 


iy required tor two 
circuit hown i 
really 


connec tec 


three ingle 
together 
that the 
spaced in 
| here 
general! Lise 
the \ 


certain 


circu 
with the nportant ditterence 
three pl ine ire equally 
hip | 120 


nection 


time relation apart) 


ire two cor 
for three 


the delta 


phase circuit " and 


each of which has 
delta Is 


used for 


ulvantayge in gen ral the 


more rehable vhen power! 
lost 
the remaiming two can supply &/ pet 
But 


et this when lighting is needed 


only, mm that if one transtormer 1 


cent of their combined capacit 
to off 
motor load is small enough 
rlO volts 
of the transtorm 


unite the 


nerated at one oft 


} 


the neutral ot 


to be 
one 
ers must be grounded, thus increasing 
the chances for powet 

bhen, too, many 


lighting load that ma\ 


failure 
power COM pant 
will 
he om phase 

{ and the 
hac 


ticular! 


upplying 
lighting 1s 
vith “thekering par 
motors are frequently 
tarted for elevators 


topped as 


onnection has the advan 


hehting load can be di 


vided between the three but 


oltage tor 


phase 
the three phase 
is ke than that 


usually designed 


motor use 


tor which motors are 


lience it ma be said that for large 
load 


used In 
the liehting 


three phase systems are alwa\ 
water treatment plant 


than 


one 


and motors of le +s 
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5 HP are supplied by three *) 


nected 


con 
transformers: the large motors 
and elevators are supplied from three 
DELI $80 volt) trans 
rorniet 


| he 


ferent s 


\ connected 
for | in the dif 
with equal load and 


lable | 


formula 


powe};’r 
stems 


1) 


I’. is given im 


Fuses and Circuit Breakers 
I use 


preake! 
atet 
the 


| circuit 


and all electrica 
mmilar im function to the 
and 


considered 


are 


valve on a bonler hence 


hould ir serious! 


hey are all 
thu 


hould the current exceed a pre-detet 


intended to open the cir 
cuit stopping the flow of current, 
mined or dangerous rate 

While the 


tection 


problem of circuit pro 
heconme at tine quite in 
till that 
discussed to advantage 
electric Code ts 
universally, 
for the safe 
in all 


Con eque ntly 


volved there is much can 
Lhe 
now almost 
as the 


utilization of 


here be 

National 
authorit 
electricits 


acce pted 


except central station systems 
, the engineer should ob 
tain a copy of this useful and Mmpor 
tant publication 

uses are the cheapest and simplest 
hey 
of a piece of relatively high re 
allo 
and 


whic h 


ot all protective de vices consist 
Istance 
wire o1 designed to melt, 
thereby current at 
the lhe 


enclosed in a suitable flameproof case 


tape, 
part, at the 
fuse is rated wire 1s 
whition of 
the the 


surrounding 
Hashes 


to prevent 


materials at time fuse 


and melts. The use of fuses ts 
confined almost entirely to circuits the 
importance of which does not justify 
the more expensive and accurate de 
Che type known as the “refill 


able type,” permits the renewal of the 


now 


vices 


fuse link and the use of the expensive 
part (the 
again 

For those applications in which the 
replacement of 


cartridge ) over and over 


fuses is frequently 
air 
cuit breakers are recommended 

circuits fall in 


Chermal and 


necessary, thermal relays or cir 
Mo 
this classification 

breakers 
rated cur 
as during 
motor, and 
therefore are of especial advantage 


tor 
circuit 
than 

rent pass for a short time, 


relays 
can permit a greater 
the starting period of a 
for this service. The current capacity 
as well the voltage ratings of this class 
ot protective devices are limited, and 
when greater limits are needed the oil 
circuit breaket 

The oil 


must be 


may be used 

breakers 
for this 
and no other oil should ever 


used in circuit 


especially selected 
service ; 
be used. This precaution is essential 
for the reason that the oil must have 
high insulation value, high flash point, 
low carbon content, and wide temper 
all in order 
the are that is 
opening of the 


ature vi1s¢ osity 
to quickly 
formed 


constant 
quien h 
with each 


contacts 
Relays 


The overload operation of a circuit 


breaker is usually actuated by an 
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auxiliary device known as a relay Synchronous Type Motors quires no separate excitation and it 
Relays may be of several types: the ¥P bi ag operates at a variable speed, as con 
tC @ given frequency the speed © trasted to the constant speed syn 


a synchronous motor may be detet 
and others lhe modern relays are . , es chronous motor 


mined by the equatior 
nined by the equa , \t no load an induction motor will 


instantaneous, the inverse time limit, 


truly marvelous device s: howe ver, the ‘ 
types needed by the water works Ny —_— (a run almost up to its synchronous 
only three P speed. It should be understood that 
1) 7 nstantaneous Typ n which N revolutions © rp while the induction motor has no sal 
RPM); f frequet 5 | ient poles, the stator is wound to pro 
te number ot 


dash-potted relays with direct me : 


duce two, four, or any even number 
the standard trequency 


finite part of the load { ond, equation & 1 


a solenoid when the ssed the torm 
] 


chanical trip. Here a coil which car 
1] ’ of poles, just as 1s the stator of a syn 


chronous motor: hence, it has a syn 
chronous speed ot 3600 1800, CN) 
RPM. just as does the synchronous 


eds a predetermined 
slg solenoid mechan 
\ 
releases a trigger, which in turn ~~ From this it is evident that the maxi ‘ype 


permits the circuit breaker to open mum speed for a 60-cycle motor is Favorable Characteristics 
\n oil-filled dash-pot retards the 7200/2 or 3600 RPM, and the speed, 

olenoid movement The dash-pot N, from equations 8 or 9 is known as 
opening is adjustable, hence the time the synchronous speed of the motor 
for opening with a given over-current This, for 60-cycle motors, is the con 
elected as desired. The oil in — stant 7200 divided by the number of 


the dash-pot should be inspected at poles; and since the number of poles 


1 
| 


Standard induction motors have 
very favorable starting characterist 
ics, requiring a relatively small start 
can he ing current and producing 200 or 
more per cent of full load torque 
They are the most rugged and reliable 


intervals and replaced if dirt or sludge — myust be an even number. synchronous ; 
of all motors. But, while they will 


has accumulated. While rathet crude, speeds become 30600, 1800, 1200, 9OO 
this device is sufficiently accurate for RPM. One of the greatest lim 
the protection Of most small motor itations of the standard synchronous 


circuits motor is that it cannot be built to 


operate successfully under most ad 
verse conditions, reasonable care 
should be taken to keep the air ducts 
ad \ ‘ os 
r Bellows Type. Here operate at other than synchronous and windings free from lint and dirt 
The oil in the bearings must be 
with an adjustable speeds when oftentimes an interme ' 
used in pl f the oil liate peed is needed flushed and changed at least once each 
ser i place Oo oO any spec ~ Cclet 


' vil | 7 I" t Veal 
seat ee au" us pe Unfavorable Characteristics 
ially obsolete 


Induction 7 ype his re 


ore expensive than those 


ihe necessity for this auxiliary di Variable Speed Motors 


rect current is indeed unfortunate, the wound-rotor induction motor, 


hecause ¢ 1 ve! < Sf , 
ibove mentioned, but its use is just Scamine GOTECt CUSERE peeTEterS Am for operating at variable speeds, 1s not 
‘ difficult to maintain. Hence, greatet ; , 
fied in the protection of all important as rugged as is the standard squirrel 
* ‘ my : skill and maintenance are required for, we tyne. It is more exnensive and 
circuits. The advantage of this type is “> I | r 


that the time of opening the main cit 


~ 


synchronous than for induction motor also usually less efficient. A misundes 


operation . ‘ 
cuit breaker can be determined t a tanding of the speed characteristics 


fraction of a second: also, the limits 
of control are so wide that these re (on the favorable side of the ledge trouble 
We may gain a clear conception of 


kavorable Characteristics of these motors has caused no end of 


lavs, witl witable current transform the synchronous motor does possess 
ers. become almost universally appli the ability to operate with a “leading” the speed variation of the wound 
able and highly accurate protective power factor contrasted to the rather rotor, induction type motor if we 


decided] lagging” power factor of think in terms of slip. As. stated 
at, too much care cannot be the standard induction motor \s has above, the standard squirrel cage mo 
been stated previously, many power tt lip varies from virtually nothing 
at no load to about 3 per cent at full 
load. With the wound motor, external 


subrect of circuit protection 

iw (use of fuses with too companies offer a lower rate to con 

acity) of circuits Is danger sumers whose requirements constitute 

1 neconomical \ too frequent a desirable power! factor. Where thi resistance may be added to the rotor 
operation of the overload protection — 1s the case, the ability of the syn circuit, the effect of which is to im 
of any appliance warrants prompt in chronous motor to operate at the ¢7¢ase the slip. Hence, this motor will 
estigation. The source of the troubl leading’ power factor may hay run at essentially constant peed at no 
hould be remedied by correction, fluence in the selection of the t load, regardless of the amount of ex 
ternal resistance introduced in the 
‘ rotor circuit. But, as the load is ap 
Induction Type Motors plied, and the greater is the external 


Motors lhe induction motor differs from resistance, the more rapidly will the 
the synchronous type in that it re speed be reduced 


rather than following the easiest path motor to be adopted 


the circuit protection 


ating current motors are of 
general tvpes: the synchronous TABLE 1 

maductio The main difference Max. Volts 
ese two types is that, while System Power to Ground 

nous motor can run only Single-Phase (Two-Wire > — ElCose wry 120 

constant speed (SYN-  Single-Phase (Three-Wire ) = EICos@ Here E = 240 

d), the induction moter Two-Phase (Four-Wire 2EICos# Here § 120 

at a speed depend rit Three-Phase (Delta , JEICos Mere £ 240 


} 
load applied but never at 
Three-Phase (Y) , 3EICos Here £ 20 


speed, There are other 
liffe rences wi i h will be Volts t ground ” ynting circuits 
7 
r 


later e tw phase four-wire system is ttle used that no discussi« 
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Dallas 
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Cincinnati 


Atlanta 
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name (072 IVANHOE RD., CLEVELAND, OHIO 
Meter Company Limited, Montreal, Canada 


Seattle 
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St. Paul 


New Orleans 
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Philadelphia 


Pittsburgh 
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Los Angeles 
Memphis 
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Centralized contre! room is a pumping station using desk and vertical-type panels 


CENTRALIZED CONTROL 


The use of centralized control rooms in water supply and sewage 
treatment plants help designers to secure fully co-ordinated oper 
ition wna ure atly reduced man power require ments When plan 
ning centralized control installations you now have available a line 
f Bailey products developed especially for this service. These 


products which are described in Bulletin 17-F include 


l Bailey Pneumatic and Electric Transmitters 
». Bailey Receiver-Kecorders and Indicators 
Bailey Pneumatic Control Components 
i. Bailey ARMORTUBE Cable for carrying Pneumatic Signals 


TELEMETERING SYSTEMS 


Pneumatic and/or electric signals a 
tuate Bailey Telemetering Systems 
Either or both may be received in the 
Dype WM55 Receiver-Recorder (Prod 
uct Specification E12-5). Multiple re 
ceivers may be connected to one trans 
mitter. Several flow measurements can 
he totalized on one record. Automati 
control may also be part of the meas 
uring and telemete ring system 

For a complete list of factors such 
is flow, le — temperature 
pH, conductivity, turbidity and speed 
which can be measured and telem 


etered, ask for Bulletin 17-1 


pressure 


Bailey Receiver Recorder for paew 
matic and or electric signals 


CHEMICAL FEEDERS 


lectr r pneumatic signals from Bailey Registers may actuate 
chemical feeders, fluid sampling devices, alarms, or pump controls 


BAILEY REGISTERS 


Bailey Registers measure flow of 
sewage, industrial waste, sludge, dirty 
water or other liquids in open chan 
nels or in pipelines They also meas 
ure air flow, pH, liquid level in open 
ind closed tanks and reservoirs and 
other factors 

Pneumatic and/or electri 
established by Bailey Registers may 
iwitomatic control systems 


sign ils 


wtuate 


Mechanically operated register 
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Typical installation of Bailey Flow Meter for Parshall Ventui) Flume 


The following are typical applications: 
FOR OPEN CHANNELS 


The Bailey Flume or Weir Meter is simple and accurate. As shown 
in the illustration above, it consists of a single float connected by a 
flexible cable to a sturdy indicating, recording and integrating 
mechanism, which may be mounted on a panel board, a wall or a 
column, Remote location may be obtained by the use of a Bailey 


lelemetering System. Ask for Bulletin M22-5 


FOR PIPELINES 

The Bailey Open Float Type Meter measures flow of sewage, 
sludge, dirty water, or other liquids in pipelines using venturi 
tubes, flow nozzles, or eccentric orifices. It operates through a 
differential gearing and cam mechanism from floats which rest on 
the liquid surfaces in float tubes 

The Bailey Fluid Meter accurately measures flow of steam, 
liquids, and gases in pipelines at high or low pressures. A 
venturi tube, flow nozzle or orifice is used as the differential pro 
ducing device and the meter indicates, records and integrates on 
a standard Bailey Register. This meter may also provide records 
of pressure, temperature or liquid level on the same chart. Ask for 
Bulletin 301-B 


FOR LIQUID LEVEL 

Bailey Registers may be used in measuring liquid level in open 
tanks and reservoirs. Three methods are available 

Open Float Method—For location above liquid level 

Static Pressure Method—For location below liquid level 

Bubbler System—For measuring level or specific gravity of 
corrosive liquids and for liquids with solids in suspension. For 
more information on Bailey Level Recorders ask for Bulletin 17-F 


FOR AIR FLOW 

Bailey Air Meters measure air fow in main lines and in individ 
ual lines to aeration tanks. The register used is similar in appear 
unce to the standard Bailey Fluid Meter and is designed to 
operate on a maximum differential pressure of 8” of water 

Air flow from a rotary positive type blower can be measured 
iccurately with a Bailey Electronic Type Recorder measuring 
blower shaft speed by means of an electric tachometer. This may 
be calibrated to record in terms of air flow 


ARMORTUBE CABLE 

This protected multitube cable for 
pneumatic transmission lines minimizes 
installation costs and provides inherent 
hazard-proof protection for control sys 
tems. It is stocked in three sizes of 4 
8 and 12—%”" O.D. copper or alu 
minum tubes encased in heavy rust 
resistant galvanized steel strip. Ask for 


Bailey Armortube Cabie. Bulletin G91-9. 





Measurement in Water Works’ 


kK )W MEASUREMENT is a part of 
hydrodynamics. To understand it 
under 
fundamental concepts ind 


nore fully, it is essential to 
stand sori 


lefinitions 


Definitions 


volume cont uned ina 
( mfined Flow oT 
()) 1s quantity in movement past a 
Me - : 
point in a specified interval of time 
When a liquid moves in a pipe 


one point to due to 


(J/uantity 1s 


space discharge 


trom another, 
pressure (head), the quantity mov 
ing becomes the number of times the 
length of pipe filled and 
emptied in a given period of time 

lr). Since L 
therefore flow or 
discharge ) is 


(L) 1S 


| equals velocity (V), 


quantity im motion 


2) \x \ 
here Vol. in cu ft per 
‘ Area of pipe in sq ft 
\ Velocity of flow in ft 
(or min) (1) 


unit t 


Velocity, or some function of it ts 
fundamental factor in flow measure 
vent: therefore flow 

vices are based on this concept 
Rate of Flow is the term applied 

to the quantity in 
motion for a short period 


measuring de 


measurement ol! 
relatively 
of time (eg., per second, minute, 
hour, day ) 

Total Flow is the term applied to 
the total amount of liquid moved dur 
ing a period of time, usually referring 
to a day, lotal 


flow equals the average rate of flow 


a month, or a year 


multiplied by tin 

Units of commonly used in 
water works practice are: Cubic feet 
gallons per minute 


flow 


per second (« fs) 


o 
{ gpm Ss 


med ) 


ind million gallons per day 


Reasons For Flow Measurement 
reasons for flow 
measurement in a works 

1. To provide data and informa 
including 


Chere are six 
water 
tion on plant production 
rates of plant output as well as pres 
sures in lines, total plant production 
for any period, rate of operation and 
total output of individual production 


vy Meas 
Works 


ri 


* Adapted from a | n “Fi 
irement” in Water 
Practices” in ate ! i 


Sept 1954. p 


By GEORGE E. SYMONS, Ph.D. 


Cons. & Tech. Editor, Larchmont, N. Y 


2. lo provide information on op 


eration efficiency, including unit op 
erations, filters, filter washing, pump 
ing, and well operation 

a» ce provide control of unit 
operations, from flow measurements, 
including control of pumps, elevated 
storage tanks, chemical feeders, and 
hilter operations 

4. To ascertain quantity of water 
sold another supply, 
retail to individual consumer, and to 
determine non-revenue water 


wholesale to 


5. To determine costs of operation 
including overall costs, costs per mil 
lion gallons pumped, and costs of unit 
operations. 

6. To provide records of perma 
nence for health departments, man 
agement, or owners (either stockhold 
ers or taxpayers as the case may be) 


Metering Points 


Che location of flow measuring de 
vices depends on several considera 


tions, but usually not on cost, since 


the total cost of meters is usually but 
i fraction of the total cost of a plant 
or system 

Individual points of flow measure 
ment may include the following 
of supply—Letdown 
storage, raw 
intake, raw water pump output, both 
individual and total, and well field 
output, both individual and total 

Treatment Flow from or to 
groups of coagulation and settling 
basins or softening units ; 


Source from 


reservolr surface water 


wash water 
to supply tank ; wash water to filters ; 
effluent from filters, individual, 
groups, and total; finished 
clear wells 
Distribution 


water to 


Gravity transmission 
conduits; high 
pump discharges, individual 
total ; tank 
hooster pump discharge 


mains and service 
and 
and 


elevated storage; 


Devices For Flow Measurement 
used tor flow 


into 


Devices 
fall 
categories 
tional 
meters, 


measuring 
may one of six classes or 


Head-area meters, fur 
pumps 


differential meter 


meters displacement 
constant 
and inertial flow meters 

Head-Area Meters are 
uring devices used only in open chan 
nel flow or partly filled pipes; they 
under pres 
flow 


flow meas 


cannot be used on lines 


sure, but are useful to measure 


from Head-area meters 
operate on the principle that a con 
striction or controlled barrier in the 
flow channel will back-up the liquid 


level (head) than 


reservoirs 


creating a higher 
the level below the barrier, with that 
head being a function of the velocity 
of flow and therefore of the flow rate 
include 
flumes, and 


Hlead-area meters weirs, 


measuring end 
nozzles 

Functional Meters are 
devices which measure some function 
of volume in movement and which 
by means of other mechanical de 
that measurement 
total flow. There are 
three types of functional meters 
Differential head devices produce a 
difference in head between two points 
of the device, and this differential is 
a function of velocity 
include the Venturi tube, Dall flow 
tube, insert nozzle, Gentile flow tube, 
Differential head devices 
are used in main line metering and 
in metering flows at any point where 
water moves under pressure in a con 
fined pipe 

Velocity meters consist of a device 


open 


mechanical 


vices convert nto 


rate of flow or 


These devices 


and orifice 


by which a vane or propeller turns 
in direct ratio to the rate of flow past 
the propeller. These devices are used 


in main line metering, pump dis 
charges, et 
Pitot tubes 
tube with a tip at right angles inserted 
with the tip facing up 
Che height to which the fluid 


tube is a function of 


consist of a vertical 


in a flow, 
stream 
rises in the 
velocity and therefore of rate of flow 
Pitot 


There are two other 


tubes 


types ot 


Pumps may be used for measuring 
device, only if the number of repeat 
cycles can be determined, Controlled 
pumps 
used easily for this purpose, but cen 
trifugal pump must be 
calibrated, for each speed of opera 
suction lift or discharge 
generally 
flow measurement 
meters 


volume reciprocating can be 


discharges 
head 


tion, 
Pumps are not used or 
recommended for 

Dis plac ement operate on 
the fill and draw principle. Fill and 
draw measurements of reservoirs and 
tanks can be made if the liquid enter 
ing or leaving the tank does not take 
place at the same time. When the fill 
and draw principle is applied to a 
closed device, a compartment is alter 
nately filled and emptied. This is the 
W.&8.W. 
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Fig. 1—WATER under pressure flowing through 
differential producer 


| tor core th 


water 

fey com 
rotametet consist ol 
maller at the bottom 
confined 
float.” 


proportionally in 


It) which Is 
ent termed a 
rate of flow increase 
not used for measuring 
| its greatest appli 

va flow 
clers do not meas 
determine mass by 


nertia torce of a 


Fundamentals of 
Flow Measuring Devices 


ingular, trapezoidal 
not wu ed to any great 
worl practice, but 
ire available to con 
values 


\pril 


(Open chan 


weirs to ()” 
w. Wks., 98 
183.) 
determined from 

of heads at different 
different rates ot flow and 


of flow against depth 


wid. Formulas tor open channel 


ow re not exact but give good 


conduit or 


ipproximatior if the 


channe! 1 well con tructed 
Aliwnment chart 
itlable to 


lannel 


and nomoy+rain 


ire ay make it easy to use 


these open « flow formulas 


see various Reference and Data Edi 
Water Works for 


t ible 


trons ol Sewage 
thes« 


Parsha 


and charts 
The P 


widely used for open chan 


I lune arshall 
lume ! 
nel flow measurements. It is an adap 
1955 
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Venturi tube 


xact construction limits 


tation of the principle 
and requires ¢ 


The design 


section with 


consists of an entrance 
walls 


throat sec 


converging and 


level floor, a constricted 


tion with parallel walls and down 
stream sloping floor, and a recovery 
section with diverging walls and ris 
Stilling 


plac ed in the 


ing floor well and tap are 


converging section at 
two-thirds of the 
the converging section above the crest 
of the flume Lhe tap 1 at 


at invert 


a pot length of 
right 
wall level 
must be 


angles to the 


Dimensions held to close 


tolerances ind to improve accuracy, 


liners of corrosion resistant material 
may be used 
Parshall 


i iii 
Vcc ura 


flumes are useful where 


head loss is available 
depends on downstream 
(height of 
the floor) being held to 
definite percentage of that upstream 

Differential Head Meters—In 
order to understand the operation of 
differential head 
sary to refer to the general principle s 
In particular, the 
elevation, 


elevation urface above 


less than a 


meters it 1s neces 
of hydrodynamics 


relations between velocity 


Definitions of 


he ads are 
total 
head, 


pressure nmiportant 


head, elevation 
head, 


known in 


head pressure velocity 
friction head must be 


functioning 


and 
order 
of differential head meters 


to understand the 


lf water flowed through a smooth 


pipe 
would be the 


without friction, the total head 


same at all points in 
the pipe, even if the diameter or ele 
vation of the pipe changed When 
pipe, part of the 


converted 


water flows in a 


total head is into energy 


(kinetic 
of lifting the water to a height called 
the velocity head. If there 
friction, water flowing through a pipe 
between two would have 
velocity as a falling 
elevations 


of motion energy) capable 


were no 


elevations 
the same body 
freely 
or \ 
height fallen 

In any pipe, regardless of friction 


between those two 


2gh,, where h, is the 


or variation in cross-sectional area of 
the pipe, an equal quantity of water 
must pass all points at the 
instant. This is the principle of “Con 
tinuity of Quantity” and is funda 


same 


mental in the operation of differen 
tial head meters 

If a 
piece of pipe (as shown in Fig. 1), 
differential 
understood 


constriction is inserted in a 
head me 
With the 
and 
stand 


the theory of 
ters can be 
valve closed, water does not flow 
water in the piezometer tubes 
at the same elevation as the free sur 
face in Tank 1. When the 
opened, water will 
the difference in elevations 
the two tanks. Part of the total head 
will be converted to veloc 
point | 


valve 1s 
flow because of 


between 
head at 


The same quantity of water must 


pass points 1 and 2 during the 
time interval : therefore the velocity at 


point 2 must increase proportionately 


same 


to the decrease in cross section area 
\t the same time as the velocity in 
the head 
and the pressure head decreases, The 
the velocity, the | 
pressure head at the constriction 
Therefore, the difference in pre 

sure head between the inlet and tv 
constricted ditferential 
head producer is a 
locity which is a function of ra 
flow. The rate of flow 
square root of the difference in pres 
This difference 
or simply 


creases, velocity Increases 


greater lower the 


portion Of a 
measure or ve 
te qt 
varies as the 
sure at the two points 
is called “differential head” 
“differential.” The greater the dif 
ferential produced the more accurate 
is the determination of rate of flow 

rhe is equal 


increase in velocity 


to V 2ghp, where hy is the differential 
head and the formula 
from Equation 1 above, becomes 


flow derived 


Q=A 

cu it 

cross section area in sq ft 

hy = Differential head in ft 

hyve Velocity head corresponding 
to velocity of approach at the 
inlet 


Eq. 2 


¥ 2a (hy 
where Q 


Che velocity of approach cannot be 
observed but it can be converted into 
a velocity of approach factor ex 
pressed as 1/V/1 8*, where B is 
the Beta ratio, or ratio of diameter 
of the inlet (d) to the diameter of the 





throat (LD), d 


water 


1D) 
passing 
he id pro 
This 
head 


! ead 


that 8 
Iriction, 


any di 


1s, 

Because of 
through 
ducet 


ferential 


loses some energy loss 


ippea4rs decrease 


nd 1s 


aiati 


as a In 
oT! 


(See 


known Oss 


imply, “head loss” I ig 1) 
tiead loss mcans power! loss or need 
to OV | 


| here tore, the 


tor power! ercome thie head loss 


most desirable chat 


head pro 
referred t 


differential 
ducing device (often 
the unit ) 
ferential and minimum head loss 
Venturi Type Flow Tubes 


i 
Dall is accut 


cteTistics im a 


primary are maximum 


lube 


mary measuring device, which hi 


Flow an ate 
lowest permanent head loss (gt 
ot 
Known type ot vé locity-increasing dit 
ferential The Dall Flow 
Lube a flanged cylindrical 
short 
terminates 


recovery of loss head) of any 
produce 
consists of 
with a 
that 


| rupt decrease 1 


uly de signed straight 
with an 
inlet 
followed 
triction and a narrow 
illed the 


unnulat 


ne section 
1 diameter, or 
oulder.” This shoulder 1 

a conical re 
nnular gap, « 


lhe 


.| 
Ve reinyg outiet 


slotted throat 
nulus s followed 
din : 


i : 


gap i 
con 
Gentile Flow Tube consists of 
with a slight constriction 
which 
ports 


downs 


\ 


aa 


pres 


racing 


there are 


on 
tream 
(ne advantage of Venturi type flow 
he short laying length and 


( thet advantages are cle 


nm manutacturers 


\n ( 


whi 


bulletins 
yy fice flat 


opening 


irifice is a thin 
there 1} 
pipe 


erted 


In an 
iller than the in which the or 


e plate 1s in hetween flanges 


concentri 
at the 


has a circular 
of the pipe, 
circular opening 
tang } id 1] the 


imside wall of 


in 


orines 
center an 


eccentric orince ] 


pl 
opening 


ot tive pipe 


1 
pe 
4 


orifice ha 


the 
a chord of that circle 
L he 
nd which solid partici 
Fluids pass 
i permanent 


A) 


" segmental 
bounded by mney} wall 
nel 
greta 


orifice 1s, in effect dam be 
will collect 
show 
i) 
differential head 
eta 1 of the 


10 © 


ing through orifices 


of head of to 
of tl 
depending on the 
(that is, the 


(J per cent 


per cent 1 
atio 
orince recovery 1s 
\ slight increase in presst 
ihead oT 


udden drop in pressure on the down 


Ire occur®rs 


ust an orice there is a 


tream side of the orifice and a con 


inued pressure drop before recovery 
starts I he of 


velocity) 1s 


pomt minimum pres 


ure maximum 
as the \ 
ion on Installation and use of orifices 

be found in 
texts on hvdrauli 5 


ert No 


known 


ena Contracta. Full informa 


la standard reference 


ly les \ nozzle like con 


than 
inserted, 


centric throat section, smaller 
the pipe in which it 
called an insert nozzle 
The simplest form is, in effect, an 
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The Gentile Flow Tube is an impact-type head meter 

designed for accurate measurement and regulation 

of fluid flow. It consists, essentially, of a short spool 

piece, the inner periphery of which is equipped with two groups of pres- 
sure nozzles, one group pointing upstream and the other downstream. 
The nozzle groups are inter-connected by common pressure rings from 
which connections are made to the high and low pressure sides respec- 
tively, of a conventional indicating, recording or integrating meter. Flow 
Tubes differ from other variable head meters in that the taps are located 
at points of equal cross-sectional area. Therefore, the differential devel- 
oped is a function of the velocity head and independent of the static head. 


*Gen-til'-ly 








Actual installation of a 16” 
Flow Tube for reverse flow 
Note fittings (elbow and 
tee) bolted directly to 


flange { Flow Tube 


Flow Tubes are available in all commercial pipe sizes with flanged or screwed 
eennections. Standard lining is bronze, but other materials such as stainless 
steels are available 

Flow Tubes ore used for the metering of raw water influent, plant effluent, 
filter effluent, filter wash water, and filter surface wash, as well as for shop 
tests of hydraulic equipment where accurate results are important. 

Flow Tubes con be furnished with or without suitable secondary indicating, 
recording, or totalizing instruments 

Flow Tubes are manufactured exclusively by Foster Engineering Company. 
Write for your free Flow Tube Data File which gives full details. 


FOSTER ENGINEERING COMPANY 


835 Lehigh Ave., Union, N. J. 


Agents in Principal Cities. Consult your Classified 
Telephone Directory. 
‘@ 

Y FUTILE «PRESSURE REGULATORS + RELIEF AND BACK PRESSURE VALVES + 
al] MANIC ) CUSHION CHECK VALVES * FAN ENGINE REGULATORS + PUMP 
anya /) GOVERNORS * TEMPERATURE REGULATORS + FLOAT AND LEVER 
J)\I26/ —- G@ALANCED VALVES © NON-RETURN VALVES © VACUUM REGULATORS 
ae” OR BREAKERS © STRAINERS * SIRENS © SAFETY VALVES * FLOW TUBES 
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This 48” Foster Type D Flow Tube, of lightweight 
fabricated steel construction for measuring flow of air 
in the discharge line of a reactor air system, flanged 
for 1252, is only 48” in length between flanges and 
weighs only 1350 lbs. — many feet shorter and 
several thousand pounds lighter than a conventional 
venturi. 

11 is designed to handle 29,300 SCFM at 10.12 PSIA 
of 238°F with a maximum head loss of 2” H:0 

ond with an accuracy within £1% of the calibration 
curve furnished with it. 


ADVANTAGES 


COMPACTNESS — No expensive vaults 
or large areas needed, because Flow Tubes 
are short. They are only about | to 1% 
diameters long, depending upon the velocity 
in the main. 


EASY TO INSTALL — Can often be in- 
stalled with no straight run upstream or 
downstream, except when near valves or 
regulators. For more difficult arrangements, 
where extreme turbulence exists, tests may 
be run simulating actual conditions. 


SIMPLE TO PURGE — Can be easily and 
quickly flushed without removing from the 
line. 


FLEXIBILITY —Can be designed to handle 
high line velocities with low head loss and 
reasonably low meter differentials. And, 
they can be made to give a higher differen- 
tial for a given diameter ratio than certain 
other types of head meters. 


REVERSIBILITY — It's impossible to in- 
stall a Flow Tube backwords — upstream 
and downstream sections are identical. 
Where system calls for flow reversal, the 
meter can readily handle the changes. 


LOW HEAD LOSS — Flow Tubes can be 
designed with a D/d (main-to-throat) ratio 
to provide differentials that can be accu- 
rately measured with the least unrecovered 
head loss. 


ACCURACY — Flow Tubes are furnished 
with head-capacity curves based upon 
laboratory tests, and can therefore be 
guaranteed os to accuracy. 





Primary Devices and Meters for Waste 
Flow Measurements* 


By HOWARD O. HITE 


Engineer, Instruments Division, Minneapolis-Honeywell Regulator Co., Philadelphia, Pa 


measurement 

fall into two categories. The first class, 
lifferential head meters, is used for meas 
irement in completely filled pipes and in 
cludes such primary devices as orifice plates, 
nozzles, and venturi tubes and a suitable 
differential pressure meter. The second cate- 
gory, known as head-area meters, is used 
for measurement of flow in open channels 
and partially filled pipes. Examples of this 
meter are weirs and Parshall flumes 

As complete coverage of the subject 
would be exceedingly lengthy, this paper 
merely points out the advantages and limi 
tations of each of the most commonly used 


LOW meters for waste 
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Schemati 


FIG. 1 


devices as an aid in the selection of meters 
for specific applications 


Differential Head Devices 


The differential head meter, as previously 
mentioned, requires that the pipe be kept 
filled with fluid for satisfactory operation 
All primary devices for use with such me- 
ters are basically differential pressure pro 
ducing resistances. As the fluid enters the 
resistance, the velocity is increased, with 
a loss in static pressure. It is this drop in 
static pressure that is measured as an tndi 
cation of flow 


Venturi Tube 

The venturi tube (Fig. 1) is the oldest of 
the modern primary elements. The designs 
used today are essentially the same as those 
used by Clemens Hershel in 1887. The ven 
turi tube consists of a conical reducing sec 
tion, a cylindrical throat section, and a 
diverging exit cone. The transitions from 
the entrance cone into the straight throat 
are rounded off by an easy tangential curve 
resistance caused by a sharp 
preclude the possibility of 


to avoid the 


orner and also 
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cavitation. The differential 
measured between taps located slightly up- 
stream of the entrance cone and at the 
throat. 

When the venturi is used with clean fluids, 
a piezometer ring is usually used at both of 
these pomts to obtain the average stati 
pressure at each point of measurement. For 
many sewage and industrial waste applica 
tions the piezometer rings are replaced by a 
single tap at each measurement point. With 
this arrangement, clear liquid purges may be 
used to keep the taps open. An alternate 
scheme, which is often used, is a manually 
operated cleaning valve 


pressure is 











diagram of venturi tube 


generally has an 
and the exit cone an 


The entrance cone 
included angle of 21‘ 
included angle of 7°. This design gives the 
optimum pressure recovery. Usually about 
80 to 90 per cent of the pressure drop at 
the throat is regained. Other angles have 
been used to reduce the length and weight 
of tubes, but this is done at a slight reduc 
tion of the pressure recovery characteristics 

Cast iron is the most common metal used 
for venturi tubes. However, special tubes of 
other materials may be obtained to over 
come corrosion problems. Brass, bronze, 
stainless steel, concrete, and even rubber 
lined tubes have been supplied 

The venturi tube has the following ad 


vantages over other differential devices 


PRESSURE - INCHES OF WATER 





1. Tapered approach and exit cones give 
lowest pressure loss 

2. For the same head differential and 
diameter, flow rates will be approximately 
50 per cent higher than for an orifice 

3. There are no pockets where suspended 
particles in the solution may accumulate 

4. Long runs or straight pipe are not 
required 

The principal limitations of a 
are its relatwely high cost, lare 
lack of flexibility of range 


venturi 
size, and 


Flow Nozzle 

The flow nozzle (Fig. 2) 
tially of the entrance cone and throat sec 
tion of the venturi, but has no recovery or 
exit cone, The upstream or high-pressure 
tap is made through the pipe wall at ap 
proximately one pipe diameter from the 
entrance. The low-pressure or downstream 
tap is located at the point of smallest jet 
area. The nozzle, which can be manu 
factured from most any material the 
following advantages 

1. It can measure 50 per cent more 
than an orifice 

2. Shorter meter 
than for an orifice 

3. It can be simply 
pipe flanges 

The disadvantages are 

1. Although its cost is below that of a 
venturi, it is still much higher than that of 
an orifice 

2. Experimental work remains to be done 
in order to determine complete coefficients 

3. Not suitable for liquids ontaining 
solids in suspension 


Misists esscn 


has 
flow 


runs are permissible 


installed between 


Orifice 


The orifice is probably the 
for measuring or reglating fluid flow 
ords show that it was used to measure flow 
to householders in Rome during Caesar's 
time. Nevertheless, it did not receive real 
recognition as a commercial primary ele 
ment until about the time of World War | 

The most common type of orifice is the 
concentric orifice. It consists of a thin flat 
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solids with the orifice plate should be re 
moved 

Fig. 5 shows a comparison of the princi 
pal application considerations for each of 
the primary elements discussed. Although it 
may appear that the principal advantage of 
the orifice over the other forms is its low 
cost, by proper design of orifice and selec 
tion of meter range the other objections of 
lower capacity and higher pressure loss can 
he overcome 


Differential Head Meters 


All of the meters for measurement of 
flow through these primary elements are 
primarily differential pressure measuring 
devices. As such, they must contend with 
the fact that flow through any of these 
primary devices is proportional to the 
square root of the differential pressure 

The simplest type of secondary instru- 
ment 1s a variation of the common mercury 
manometer. A typical meter of this type 
is shown in Fig. 6. It consists of a float 
chamber, a range tube, and a connecting 
U-tube. The differential pressure created 
by the primary element is connected to th« 
float chamber and range tube. In this de 
sign the float chamber is the high-pressure 
side of the manometer. This is not neces 
sarily the case in all meters of this type 


metering plates now under study, including | rt As the differential pressure increases, 

entric, and segmental orifices the mercury level falls in the float chamber 
and rises in the range tube, causing the float 
to rotate a shaft in a pressure-tight bearing 
rhis shaft moves the pen or pointer. Range 
tubes are made in an interchangeable series 
so that the range of the instrument may 
be changed by merely replacing the rang« 
tube. This type meter has square-root charts 
and scales 


t} round hole. mounted betwee nozzle for the same line will cost approxi 
tandard p flanges so that the hole is mately $135; a venturi, about $375 
oncentri ith the pipe 2. It can be made in any machine shop 

The Fluid Meters Committee of the with conventional tools and installed be 
American Society of Mechanical Engineers tween standard pipe flanges available from 
: pent considerable time and money any piping supply house 
the characteristics of flow through The disadvantages are 
thin plate orifi With the data obtained 1. The pressure loss is higher than that 
rifice p n be calculated and installed of a venturi 


} 
) 


tudy ing ‘ 
Other types of secondary instruments use 


cams, shaped range tubes, shaped bells, or 
to measu low with accuracy equal to that 2. Flow capacity is less than for a ven other mechanical and electrical means -to 


venturi tubes. Orifice plates are turi or a nozzle; the exception to the rule extract the square-root function and use 
of stainless steel, although is in the case of pipe taps, where the flow uniformly graduated charts Square-root 
ch as glass and monel capacity is comparable to a venturi charts give best readability and accuracy at 
oon wna 3. It is not suitable for liquids carrying the high end of the scale, whereas linear 
the pressure characteristics solids in suspension charts have improved readability at the 
The pressure builds up 4. Long pipelines are required in front of low end lhe choice of chart is primarily 

lightly in front of the orifice, then drops the orifice a matter of personal preference 
uddenly on downstream side and continues Work is now being carried on by the Secondary meters are available in a 
to drop for a short distance along the pipe Fluid Meters Committee to determine coef wide variety of forms. These include electri 
before the recovery starts. The point of ficients for segmental and eccentric orifices and pneumatic transmission, or direct 
minimum pressure and, incidentally, maxi (Fig. 4). In these orifices the opening is connected instruments. Indicating, record 
mum velocity. is known as the vena con placed tangent to the bottom of the pipe. ing, integrating, and controlling instru 
tracta can be seen that the points at When these data become available the limi ments can be obtained for almost anv com 


which the differential pressure measure tations regarding measurement of suspended bination of these functions 


ents are taken are critical. For this reason 
| 


e¢ Fluid Meters Committee has established — EE 
rifi efficients for the three standard COMP 
essur HEA 





ocations. These are known as 
flange tay vena contracta taps, and pips eee ————— 

taps PROPERTY 
Flange taps are, as the name implies RIF ICE 
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ade in the orifice flanges. They are spaced 
| in. upstream and downstream from the Accuracy Excel lent 





rifice. Standard tapped flanges are available _s ae. 4 
und are simpler to install than the other two 


types, as no drilling and tapping of the Excellent 





pipeline is required 
Vena contracta taps are made with the Preseese Lees 
upstream tap 1.0 pipe diameter from the 


wifite and the downstream tap at the vena 
about 0.5 pipe diameter Suitability for Solids in 











contracta, usually 


from the orifice. These are not quite as easy Svepension 
to install, but are slightly more accurate eee lle 


ha ange taps 
than flange tay Range Changing Lave Excellent 


Pipe taps utilize only the permanent 
pressure loss. Therefore, the differential - - . - ——e nor — 
pressure will be considerably less for a Capacity for « Given Line Size Excel lent Excellent 
given flow than with flange or vena con 





tracta taps. Pipe taps are located 2.5 pipe — 
diameters upstream and 8 pipe diameters 
downstream from the orifice Required 
The orifice has the following advantages —— 
1. The cost is low. For example, an orifice 


plate for a 6-in. line costs about $17. A FIG Comparison of Differential Head Type Primary Elements 


Length of Straight Pipe Excellent Excel lent 
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instruments for a given 
application, the meter manuafcturer will 
insist on knowing all the conditions in 
volved. If the application requires special 
consideration with respect to corrosion, head 
loss, or solids in suspension, he will advise 
the best form of primary element and meter 
for the particular application 


In specifying 


Head-Area Devices 


In head-area meters, both the 
sectional of the stream and the head 
variables, but not independently of 
ther; the area is a function of head 
meters are limited to 
flow in open channels 


cross 
area 
are 

tat | 


measurement ot 


Parshall Flume 
used primary device of 
type wage and 
the Parshall flume 
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erging walls and floor, a 
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SECTION L-L 


FIG. 7.—Basic elemen 


weir is most accurate of the 
it has several limitations 
element for industrial 


Although the 
head-area meters, 
primary 


a a use 


1. It requires construction of a weir box 
to obtain the proper flow approach to the 
weir 

2 fluid will settle in the 
effects the 


Sediment in the 
weir with 
weir calibration 


3. The 
} 


box adverse on 
of head through the 


equal to the head measured 


loss weir 


will 


Kennison Nozzle and Parabolic Flume 
wlay 


parabolx 


head-area devices in use t 
Kennison the 
They are both 
of fluids 
Like weirs 
perate with a high k of 
to the Parshall flume 


Head-Area Meters 


measuring 


Iwo other 
are the 
tlume 
ments 


and 
suitable for 


nozzle 
measure 


containing solids m su 


they must 


ared 


pension howe ver 


head « mi 


The 


area meters 


devices used for head 
generally float actuated 
Motion of a float riding on the liquid sur 
in the stilling well transmitted to 
the instrument by a cable or tape. The in 
trument usually incorporates a cam or 
other device that extracts the proper func 
tion to give a uniform flow These 
instruments available the 


are 


lace 1s 


scale 


are also in re 


DOWNSTREAM Level’ 
(FREE FLOW) 


ts of Parshall flume 


cording, indicating, and integrating torms 


of the differential head meters 

2. Solids in suspension are readily car 
ried through the flume and do not affect 
the measurement accuracy 

3. Wide variations in capacity are pos 
sible. Flumes have been made with throat 
sections small as 3 in. and as large as 
50 ft 

4. The of head required 
measurement is extremely small 

The only disadvantage of the Parshall 
flume is that its accuracy is not as high as 
that of a well-made and properly installed 
weir. Accuracy is generally stated to be 
2 to 5 per cent 


as 


for flow 


loss 


within 2 


Weirs 


\ weir is a dam in a stream with a notch 
cut in the crest. The most common notches 
are rectangular, triangular, and a combi 
nation of the two, trapezoidal. Rectangular 
weirs generally are used for large flows 
where the variations between maximum and 
minimum flow are not too wide, The tri 
angular weir is used for accurate measure 
ment of small rates of flow and is particu 
larly sensitive to changes in rate of flow at 
the low end of its range. The trapezoidal, 
or Cipolletti weir combines the features of 
hoth, having wider range ability than either 
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For accurate measurement and control 
SPECIFY THIS RELIABLE SIMPLEX EQUIPMENT 


PARABOLIC FLUMES 


VENTURI TUBES 


- 


Accurately measure sewage, sludge, 
trade wastes under a wide range of 
pressures. Flanged, bell or spigot ends 
in any size or design any metal 

Cleaning valves at main and throat 
keep piezometer openings clear 


WRITE FOR CATALOG 004 


SLUDGE CONTROLLERS 


Accurately control flow of sewage, 
sludge, trade wastes. Most accurate pri- 
mary device, a Simplex Venturi Tube, 
has a special throat section of flexible 
rubber—measures as it controls! Motor 
driven clamp adjusts throat keeps 
flow at control point. Viscous flows con- 
tact no moving parts 


WRITE FOR BROCHURE 


ORTHOFLOW” TRANSMITTER 


Electric—New Simplex Orthoflow 
transmits data over in-plant circuits and 
leased telephone channels. Accuracy of 
+ 2% for wide ranges 

Receiver — Reliable Type H Meter 


WRITE FOR BROCHURE 


ELLIPTICAL VENTURI TUBES 


Developed specifically for accurate 
measurement of low velocity sewage, 
sludge or heavily laden trade wastes— 
flowing under low pressures. 

Flat top prevents air binding! Flat 
invert is selt-scouring! 


WRITE FOR BROCHURE 


TYPE MO METERS 


Most accurate inferential 
type instrument for water, 
sewage, sludge, industrial 
liquors. Indicates, records, 
totalizes. 

Measures within +2% 
over ranges up to 20 to 1. 
Easy-to-read chart. Wall, 
floor stand, or panel mount- 
ing. 


WRITE FOR 
BULLETIN 500 


LAMINAIR” TRANSMITTER 


Pneumatic — New Simplex Laminair is 
fast and accurate. Permits centralizing 
instruments in main control panel away 
from primary devices. 

Receiver — Reliable Type H Meter. 





WRITE FOR BROCHURE 


OTHER SIMPLEX PRODUCTS 


INSERT-TYPE 
CONTROLLERS VENTURI TUBES 


LARGE DIAL SPECIAL AIR 
GAUGES VALVES 


FILTER OPERATING TABLES 


FLOW RATE 


Measure sewage, sludge and trade 
wastes under low heads or open flow. 

Can be used for indicating, or with 
meter to record and totalize. Simple to 
install. Full 20 to 1 flow range. Flanged, 
bell or spigot inlet in 6” to 36” standard 
pipe sizes. 


WRITE FOR BULLETIN 800 


TYPE H METERS 


open’ pure type indicating, record- 
ing and totalizing unit. Gives +2% ac- 
curacy at any point for flow ranges up 
to 13 to 1. Evenly spaced scales make 
accurate readings easy. Wall, panel, or 
floor stand mounting. 


WRITE FOR BULLETIN 402 


AIR RELEASE VALVES 


Toot Specially designed for 
se lines. Vent air ac- 
cumulations to eliminate 
binding at high points, in- 
crease pumping efficiency. 
Special vacuum-holding 
attachment vents air with- 
out causing loss of prime. 

The 2” size is adaptable 
for installation on all pres- 
sure lines, pump casings. 


WRITE FOR BULLETIN NO. 1200 


SIMPLEX 


VALVE AND 


METER 


| a 


Write for information today! 


SIMPLEX VALVE & METER COMPANY @ Dept. WS-13, 7 E. Orange 5t., Lancaster, Pa. 
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INSTRUMENTATION AND CONTROL 


i CONDARY instruments (or re 
J ceivers) are devices which convert 
nformation sensed by and transmit 
ted from a primary measuring device 
nto observable information. Controls 
re devices which will 


ation sensed by a primary unit and 


receive infor 


it into a control of some me 
chanical operation, 
tion, such as pumping, chemical feed 
hiter Vasiing, 


onvert 
device, or fun 
ing, flow regulation, 
ete 

Secondary instruments ( flow, level, 
classihed in two ways 
lype of desired, and 
method of transmission from primary 
There three 
pes ol iIntormation obtainable from 
econdary 
obtainable either 
combination 


he moment (as flow rate, level 


pressure) are 
mtormation 
unit 


to secondary are 


instruments, and these are 
separately or im any 
They are: Indication at 
pres 
sure, temperature ) ; totalizing over a 
period ( tlow } > 
record on a 
indication of 
temperature and pressure. These sec 
ondary instruments are called 


spectively totalizer, and 


recording a drawn 
continuous 


level, 


chart as 


rates of flow, 


indicator, 


rec order 


Transmission 


Secondary instrument ire also 


classified according to method of 
transmission of information from pri 
instrument 


electri al, or 


lary unit to hese are 
vechanical, 


Pressure is usually 


pneumati 
transmitted hy 
lraulically. ) 

Mechanical meters are activated by 
differential pres 
used 
cannot be located 
primary other 
Electrical transmissions may 
be Chronoflo (time-impulse type) or 


Hoat or directly by 
Electrical 
where the receiver 
the 


reasons 


sure transmission 1s 


near unit or for 


other variations, and is good for any 
listance. Pneumatic transmission, by 
i varying controlled air 
ranging from 3 to 15 pounds, is use 
ful at distances up to 1500 feet. It 


a continuous signal and im 


pressure 


teatures 
nediate responses 


Summation and Ratio Metering 


Iwo or more flow rates of pumps 
added to 
rether to give a total of the combined 


This addi 


tion is accomplished by means of a 


mains or filters may be 


w ona single receiver, 


ummator (electrical or 
vhich receives the several sensed data 
ind transmits the the indi 


idual data. Ratio transmitters 


pneumatic ) 


sum of 


can he 


different flows 
the ratio 


rhis de 
vice is used in activated sludge plants 


used to two 
and calculate and transmit 
to a secondary instrument 


receive 


reco! d 


return 


to determine and indicate o1 
the alr ratio and the 


sludge/sewage ratio 


sewage 


Receivers 


flow 
head 


receive! 


In flow measurement, the 
varies as the square root of the 
lhe 
is designed to convert this informa 
tion into the desired units. Charts or 
scales may be of the square root type 


in the primary device 


with the divisions spaced according to 
the square of the unit. Readability is 
best at the high end of the scale 
Linear type receivers have scales and 
charts with divisions spaced equally. 
\ccurate readability is obtainable at 
both ends of the scale 


Controls 


measurement can be used to 
chemical 
pumping, 
electrical orf 


Flow 
provide control of flows, 
feeding, 
sampling 
pneumatic 
control purposes 

Filter effluent controllers are avail 
able in two designs, self-powered, di 
rect-acting; and hydraulic cylinder 
They are used to maintain 


proportioning, 
Mec hanical, 


means can be used for 


operated 
a constant rate of filtering regardless 
of loss of head as filters become dirty 
Wash water controllers are similar to 
filter effluent controllers and are used 
to control the rate of filter back 
washing 
Auto-central 
ized system which automatically con 
trols the filters in 
sequence and can be initiated manu 
ally or by loss of head in the filters 
Chemical paced pro 
portionally to flow at a fixed dosage 
rate, or by programmed schedule, or 
Sampling can like 
wise be controlled according to pro 
flow, time 
Reservoir and elevated storage 


control is a central 


rewash cycle of 


feed can be 


by timed-cycle 
portional program, of 
cvcle 
can be controlled by float or pressure 
sensing devices which control pump 
Distribution 
controlled according to a combination 


ing system flow can be 
of pressure and flow rate. ( Pressure 


iio system. ) 


Operating Tables and Panels 


Secondary instruments, also called 


receivers, or gauges, may be mounted 


in several ways. Loss of head gauges 


rate of tlow gauges, sand expansion 
gauges, and filter 
tions are usually placed in a filter 
operating table. Wash water, and 
summated flow gauges are often hung 
in the filter gallery 

In centralized control, filtes gauges, 
flow gauges, pressure gauges, and 
other types of receivers are placed in 
a single panel along with switches 
and controls, all of which may be 
located in the superintendent's or op 


controls for opera 


erator’s othce 

In sewage treatment works, flow 
measurement, disinfection, sludge 
measurement, sludge digestion pump 
ing and withdrawals, sludge dewater 
ing, elutriation, ratio-metering, 
and weighing of vacuum dewatered 
sludge all employ instrumentation and 
control. As in a water works, instru 
ments and frequently 
located in centralized panels, either 
in the operator's or superintendent's 
some other central location 

In both water and sewage works, 
centralized control reduces the work 
load on operating personnel, improves 
controls of operation and reduces op 


flow 


controls are 


otfice or 


erating costs 


Selection of Instruments and Controls 


In the choice of secondary instru 
a number of factors 
to be considered and many questions 
to be answered. In flow measurement, 
the type of primary device selected 
(weir, Parshall flume, Venturi tube, 
Dall flow tube, nozzle, orifice, etc.) 
dictates the method by 
instrument or control is op 
erated. The range of maximum to 
minimum flow must be known 
\ccuracy depends not only on the 
primary device and the receiver but 
on the particular combination chosen 
primary de 
receive, 


ments there are 


which the se« 
ondary 


The relative location of 


and secondary has a 


bearing on the type of transmission 


vice 


used 

instruments 
depend also on type of information 
desired, capacity of plant, 
future capacity, and life expectancy 
of the equipment. Choice of primary 
instruments also have 


Choice of secondary 


present 


and secondary 
a bearing on control systems selected 

Selection of control and 
devices depend on the function, 
equipment, or 
trolled as well as the primary device 
and 


systems 


operation to be con 


secondary instrument system of 


control desired 
1955 
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Meters and controls engineered 
specifically for water, sewage, and waste plants 


. « » proven in thousands of installations. 


BUILDERS | 


TYPE M 
INSTRUMENT 


Type M Totalizer-in 
dicator Recorder 

extra-durable wide 
range instrument 
Also smaller model 
Flo-Watch availa 
ble. For use with 
Venturi tubes, noz 
tles, flumes, and 
weirs. Bulletin 


200-H4A 


ra 


FILTER RATE CONTROLLERS 


Direct-acting and hydraulically 
powered controllers with Ven 
turl metering sections and 
Standard 


equipment in leading water 


powerful action 


works, large and small. Bul 


letins 600-G6, 600.J9 


Three Models for chlorinating 
rates from 0 to 7500 Ibs. per 
24 hrs. Accurately meter chlo 
rine gas and deliver a uniform 
chlorine water solution to point 
of application. Features include 
visible flow, rugged construc 
tion, simple design, and avto 
matic safety devices of lotest 
and most positive type. Easily 
modified to program, automat 
ic-proporational, or sequence 


control 





} 


CHRONOFLO ELECTRIC 
TELEMETERS 


Chronoflo Telemeters bring to 
central operating point records 
of flow, liquid level, etc. Con- 
nection is by simple two-wire 
circuit. Ideal for automatic pro- 
portional pacing of chemical 
feeders. Bulletin 230-H4. 


aim 


PROPELOFLO METER 


Propeller-type main line meter. 
Self-contained, easily installed. 
Can be used with indicating 
and recording secondary in- 
struments, and to pace chem- 
ical feeders. Bulletin 380-K4. 


. 
VENTURI TUBES 
AND NOZZLES — 
DALL FLOW TUBE 


Widest range of sizes and 
models for water, sewage, and 
waste flows: Venturi Tubes, 
Model NZIF Insert Nozzles, 
Model DFT Dall Flow Tubes, 
Kennison Nozzles. Write for 
recommendations. 





FILTER 
OPERATING 
TABLES & GAUGES 


Attractive and convenient ta 
bles and gauges for centralized 
filter control. Gauges available 
for indicating and/or record- 
ing all operations. Tables have 
shift-type levers and piston 
type four-way valves, plus valve 
position indicators. Bulletins 
450-H10A, 470-E1B. 





AUTO-CENTRAL 
FILTER CONTROLS 


Reduce operating costs with 
complete remote control of 
filter effluent rates and valve 
operations, including automatic 
washing cycle — from a con- 
veniently located Builders Auto- 
Central Control panel. Write 
for details. 





PUMP CONTROLS 


More uniform system pressure 
. . « lower costs . . . with auto- 
matic Pressureflo Control for 
pumping stations; operates in 
response to both pressure and 
flow. Also Chronoflo Control 
for reservoir or elevated stor- 
age level control. Write for 
details. 





Model DVS 
Chlorinizer 


Bulletin 


840-5308 


Model CVS 
Chlorinizer 


Bulletin 
640-K18 


Model HCVS 
Chlorinizer 


Bulletin 
840-J8 





+ 








For Bulletins on individual products or for comprehensive Bulletin B-I-F 3, write 





Builders-Providence, Inc., 376 Harris Avenue, Providence 1, Rhode Island. 


BUILDERS-PROVIDENCE 


DIVISION OF B-I-F INDUSTRIES, INC. METERS 
BUILOERS IRON FOUNORY®PROPORTIONEERS, INC.COMEGA MACHINE CO. FEEDERS 

CONTROLS 
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Industrial Waste Instrumentation 


Practical applications of measurement and control 


pe SENT design practice in the 
held of industrial waste treatment 
in large degree utilizes instrumenta 
control 


are 


tion for measurement and 


\pplications of instruments 
round all methods of 
posal, including discharge 
| sewer s\ 

’ 


wastes dis 
to munici 
stems, or to streams, or 
The industry 
may discharge wastes after complete 

treatment, or 


waters 
treatment, or partial 
no treatment 

Waste 


temperatures 


liquid 
and 
re quire 


fluid flows 
and 


characteristics 


flows, 
levels waste 
fluid 
measurement in order to 
data 


ce sign of collection 


quality 


} 


(a) Obtain which to 


upon 
base the treat 
ment 
(bh) 
trol of treatment processes 
Monitor contributing 
treatment influents 
and waters 


instruments 


d disposal facilities 
Provide for operational con 
waste 
plant 
receiving 
for 


(c) 
process¢ . 
and effluents, 
The use of 
purposes also provides data for im 
provement of plants, for 
future design, for the dissemination 
| the 


ot records 


these 
existing 


and for stimulation 


earch 
Flow and Quality Variations 


discharges 


extreme 


Industrial waste 
characterized by 
and quality. To 


or to 


gen 

erally are 
, 

variability in flow 

the s¢ 


measure characteristics 


control them manually is, in many 
humanly 
subject to human errors, 
Instru 


necessary 


instances impossible; it 
certall 
or dangerous or expensive 
the 


control 


mentation provides 
varia 
minate and 
save expense, all subject to the limits 


knowledge, practi 


tools to 1 and 


neasure 


tions, el human factors 


oT present day 


abuilit 


| economy 


Industrial Waste Surveys 


Instrur 


especi ] 


applications are 
the 
industrial 


entation 
useful in obtaining 
dat sary te solve an 


| hese ap 


held measurements 


sposal proble mM 


plication include 
and quality, quality 
the 
recording of 
ind pilot plant influent 
quality. In 


of waste flow 


measurements made in labora 


tory automat pilot 
plant flows 
and eftluent 


stance 


many in 


ome of these measurements 


by JOHN J. BAFFA 


Consulting Engineer, New York, N. Y. 


Mr. Baffa’s paper was presented at 
the First Conference on Instrumenta 
tion, Manhattan College, New York 
and is here printed with permission 


are necessary not only tor the wast 
discharges but also for the 
waters or municipal facilities 

The measurement of flow 
is accomplished by installation of a 
primary device such as a ori 
fice, Parshall flume, Venturi tube, 
positive displacement meter, or Pitot 
tube. Automatic recording of the 
flow, for a length of time sufficient 


to establish its peculiarities, provides 


receiving 
usually 


welr, 


basic design data. In some instances 


several flow measuring units may be 
installed to measure flows from sev 
eral of the manufacturing processes 
in the same plant, in order to permit 
quality 


calculation of component 


considerations. In this manner, leak 
age and losses may be revealed, iso 
lated and corrected to reduce the vol 
treated, and to 


ethcrency 


flow to be 
increase manufacturing 
Flow measurements also provide the 


ume ot 


necessary data o1 means 
for manual or automatic sample com 
Fig. | flow 
pattern over a one-day period for a 


The 


actuating 


positing shows a waste 


plant manufacturing cosmetics 





Liisi Lil 





» 4 OF = 
S averace 2 


Litt 











pattern is best described as being 
extremely variable over a wide range, 
as is characteristic of most indus 
trial waste flows 

Quality determinations during the 
survey period may involve a num 
ber of instrument applications, These 
include pH and 
conductivity recording tem 
perature gages, turbidimeters, photo 


meters and oxidation-reduction meas 


recording meters 


meters, 


uring devices 


Treatment Process Control 


When complete treatment of waste 
s practicable, the use of instrument 
and systems finds wide ap 
plication to provide both uniformity 
of effluent and maximum operating 


control 


ethorency 

Instruments are available to facil 
tate manual control of batch and of 
continuous waste treatment processes, 
and to provide automatic control of 
both batch and continuous flow proc 
esses 
flow meter 
which 
tern, the operator can manually 
chemical feed quantities as required 
As a 


control, 


and pH metet 
definite pat 


set 


Using 


records show a 


step toward automatic 
feed 
automatically by tine 
Where widely vari 
encountered, ot 


furthet 


chemical settings may 


be changed 
clock 
able 


controls 


conditions are 








3 


TIME 


i 
TT BPM EP ev UL Perri errriy TTT 
600 — h 200 400 


Fig. |—-ONE-DAY PATTERN of industrial waste flow for a cosmetic manufacturing plant 
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NEW 
Cnold, 0. Bockman 


DISSOLVED OXYGEN ANALYZER 
for continuous measurement! 


The accurate measurement of dissolved oxygen in 
fluid process streams is widely recognized as an 
impoitant control factor in such municipal and 
industrial operations as sewage and water treatment 

waste disposal petro-chemical and chemical 


processes food processes and many others 


Now, you can make such measurements —continu- 
ously, simply and accurately—with the newly- 
developed Arnold O. Beckman Model 1A3B 


Dissolved Oxygen Analyzer! 


The new Model 1A38 combines the field-proven Arnold O. 
Beckman paramagnetic principle of oxygen measurement with 
an improved method of stripping to provide a measurement 


specific for oxygen 


The Model 1A38 is factory-calibrated to read in percent satu- 
ration so that efficiency of aeration or deaeration is shown 
directly. Or if preferred, the instrument can also be supplied 
te provide readings directly in parts-per-million 


The Model 1A38 can be directly connected to any standard 


potentiometer-type recorder or indicator. No special occes- 
dal 





sory equip tis 


Using the Model 1A38 is far superior —in speed, accuracy 
and convenience —to conventional chemical methods — and 
provides —immediately and continuously —the necessary 
control information for maintaining optimum processing 


uniformity 


With a few variations the Model 1A3B can be 
adapted to a wide range of application requirements 

to handling sludges and other liquids having high 
to handling samples under 
and to other 


concentration of solids 
abnormal pressures or temperatures 


difficult sampling conditions 


0.8 


Continuous record 


Handles fluids, 
slurries, sludges, etc. 


Simple operation 


Highly accurate 


The Model 1A3B is a complete, 
compact unit — with the Analyzer in 
top compartment and the scrubbing 
unit below 





2 "LET TVBE~ 8.08% Gace Once FER HOUR 
oF Gy ESSURE EP rLuENT 


SENG ve @ weRaTOR 














e constantly-fresh test sample 
lved orygen by inert scrubbing 
yzer. Measurement is continuous 


The Principle is simple and 
in scrubbing tower is stri 
gas—and result measure 
and accurate! ‘ 


RANGES — from a 0-100% ©, saturation to a minimum of 0-5 
ppm, full scale. ranges are also available. 


Get the full story on this new Arnold O. Beckman 
development by writing directly for informa- 
tion on the Model 1A3B Dissolved Oxygen 
Analyzer. Ask for Data File # 13R—55 


OSU MISSION STREET, SOUTH PASADENA, CALIFORNIA 


* nS 
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cLIME SLURRY STORAGE 
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LIME SLURRY. 
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SLURRY FEED 
PUMP 


RATE 
CONTROLLE 








ACID WASTE 
FROM 
COMPOSITING 





SAUNDERS PATENT 
DIAPHRAGM VALVE 


__—_— LIME SLURRY a | 
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cr 
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t 
' 
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oe ages eo 


AIR 
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| AIR COMPRESSOR 
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4 COMPARTMENT - BAFFLED 


NEUTRALIZATION BASIN 





RECORDING 
CONTROLLERS 





__» TO SETTLING 
BASIN 


SUBMERGED ELECTRODE 


Fig. 2—NEUTRALIZATION of acid wastes. Scheme for automatically proportioning chemical solution feed on basis of pH value. 


sensitivit ot 
then the auto 
of chemical 


where considerable 


process 15 involved, 
matic proportionment 
feed in accordance with pH, conduc 
tivity, or flow may be necessar\ 

lhe choice of instruments for any 
particular case depends upon the cit 
cumstances and factors 


involved and no general 
| 


economic 
rules can 
ve made 

Uniformity of effluent is important 
in many applications and can best 
propor 
feed, either ac 


be achieved by automatic 
tioning of chemical 
cording to flow or quality variations 

Operating efficiency, as a rule, is 
greatly increased by the application 
of automatic control to chemical pro 
portioning. Manual labor 
saved, human factors are eliminated 
through 
dosage or possible corrosion through 


costs are 


vaste of chemicals ove! 
under-dosage are absent; and highly 
trained personnel, otherwise required 
to supervise manual 
left free for other tasks 
tation applications providing for in 
also include auto 


operations, Is 
Instrumen 


creased efficiency 
flue gas sampling and auto 
recording of conductivity or 
pH to indicate raw materials wastage 


mati 


nati 


Solution Feed Control 


\n example of proportioning 
chemical feed in with 
quality variations is shown diagram 
2. The application 


accordance 


matically in Fig. 2 
was made to neutralize an acid waste 
discharged from the manufacture of 


dyes. After compositing, a Simplex 
Valve and Meter Co. controller pro 
vided flow control to permit eight 
hour (1 shift) operation of neutrali 
zation facilities as well as to elimi 
nate the flow variable. The basin 
dimensions chosen were based on re 
action time determined in the labora 
tory, and the total volume was divided 
into four over-and-under type baffled 
compartments, each provided with a 
stirrer. 

wo-point control was chosen in 
the interests of efficient reagent 
usage and maximum effluent uni 
formity, and also to prevent undesir 
able aftereffects in the receiving 
stream. Lime slurry was applied with 
continuous circulation, feed point 
take-offs being through Saunders 
Patent diaphragm valves pneumatical 
The 


were 


ly positioned recording con 
trollers installed 
Northrup pneumatic controllers hay 
ing proportional reset and rate a 
tion. Immersion type pH electrode 
assemblies having plastic heads were 
installed in the locations shown. The 


includes measur 


Leeds and 


electrode assembly 
ing electrode, reference electrode and 
temperature compensator 

With changes in pH at the elec 
trodes, the controller automatically 
increases or slurry flow 
through positioning of the diaphragm 
valve. The amount of increase or de 
crease of slurry flow is proportional 
to the extent that pH deviates from 
control point setting, and to the 
length of time that the deviation ex 


decreases 


ists. Operation for several months 
indicates that with an influent pH 
varying from 3.0 to 4.0, the desired 
effluent pH of 6.0 can be maintained 


with little if any variation 


Dry Feed Control 


In another application, shown dia 
grammatically in Fig. 3, lime feed 
is proportioned in accordance with 
flow using a Parshall Flume as the 
primary this instance, 
flow changes are gradual, and qual 
relatively uniform 
transmitter were 
Iron Foundry 


device. In 


waste 18 
and 


ity of 
The recorder 
supplied by Builders 
and the dry feeder by Omega Ma 
chine Co, The connection from the 
primary device to the transmitter 1 
hydraulic, thence electrical impulse 
signal the solenoid at the dry feeder 
Che solenoid positions the belt-shift 
ing device controlling feed rate. The 
float switch in the slurry tank is a 
safety precaution ; it stops the feeder 
and the slaker discharge to the slurry 
tank if slurry lines clog and tank 
fill above normal level. Feeder and 
slaker will start when tank level re 
cedes to normal 

Where flow abrupt, 
and quicker response to flow change 


changes are 


is required, this same system is ap 
plicable except that belt shifting de 
vice would be eliminated and trans 
mitter impulses would actuate a 
control valve on the slurry tank out 
let, with slaker slightly 
higher than lime demand 


rate set 
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pplication ot automat 


industrial waste treatment 


ncluce iutomatic control for 


tank temperature and ga 


ludge conditioning pH 
| oper ition of automat hat cTeeti 


Servic es 


Monitoring 


function of imstru 
extrem importance 
gy purposes 
Cot) 


operator and 


| receiving stream 
asured hast 
authnorit 

records ind iting 


lations have beet 


ror atety pul 


iutomatic ga anal 
ne and inflammable 

iutomatic recording 
idual and detection of 
ubstance \utomatn 
effluent pH, con 


reduction 


record 

luctivit ‘ oxidation 
potentia measures of et 
nuent ¢ . — In all case alarm 
provided for instan 


irtiing of treatment pro 
or manutacturing proce 
osses which might affect 
lisposal, The stream o1 
mis thus sateguarded 
0 protect an imnadu try 
iViliyg discharged 
those which ma 


tudy of 


to elimmnation of waste 


CAUSE recorded 


data « 
ind té if ovement of 


proce eth 


ere 


lopment un i 


numecipal regulatior which affect 
to ewe ind 

have broadened 
linentation applica 
regulations control 
quality of waste 
the protection ol 
treatment 


plant 


eterioration and proces 


instances, charges 
handling industrial 
industries frequent 
that disposal to municipal 
ei provide an ecconomica 


solution to their waste problem 


lig. 4 illustrates an example of 
for the controlled discharge 
without pretreat 


system 


facilitu 


of industrial waste 


ment, to a municipal sewer 


I he purpose of the design is to dis 


charge a maximum of the waste dur 


ing time of minimum sewage flow to 
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ORY 
FEEDER 


SLAKER 








RECORDER @ 
TRANSMITTER 


Fig. 3—COAGULATION of flue dust and waste. Scheme for dry feed control. 
Slaked lime is automatically proportioned on basis of waste flow 


TIME CLOCK 
































RATE 
CONTROLLER 


Fig. 4—TIMED discharge of waste to municipal sewer. 


Assures maximum waste flow during minimum sewage flow 


treatment plant 


i municipal sC Ware 
required 


No pretreatment of waste ts 
forms no sludge in the 
The rate controller is 
Builders Iron Foundry Model RCB 
\t a predetermined time set on the 
time cloc k, the rate controller is au 
tomatically opened to a previously set 


waste 
holding tank 


rate by the control system 


\fter a pre 
troller 


pneumat 


et time interval, the con 


Is closed 


Problems in Instrumentation 


\pplications of instrumentation to 
industrial waste treatment involve 
niany problems which present a chal 
lenge both to the sanitary engineer 
and to the instrument manufacturer. 

Primary devices for flow 
ment and for determining hydraulic 
transmission levels very often must 
handle liquids high in solids ; accord 
ingly, consideration must be given to 


that characteristic and provision must 


measure 


purging. Solids 
] 


be made for and 
grease also can plug salipie 
coat or poison electrodes, and weigh 
down floats. The handling of corro 
sive liquids and tumes requires suit 
able choice of resistant materials 


lines, 


problems are involved in 
control 


Speci tic 
sensitivity of 
range of flow or of pH values 
must be vyiven to 


over a wide 
Sp 
cial consideration 
the selection of sampling points, since 
these are subject to difficulties 0x 
casioned by short circuiting through 
tanks, and by the addition of reagents 
in dead spots 

The sanitary 
familiar with 
velopments, the principles of instru- 
ment operation and applications. He 
should be able to define a_ given 
problem to the instrument specialist 
basing his specifications on 
hydraulic, chemical and biological re- 
quirements which appl) 


engineer should be 


instrumentation de 


the legal, 








Meters and Instruments in Sewage Works 


TT HETHER you « perate a large and 
complicated sewage treatment 
works or a simple primary treatment 


plant tor a village, it is important 


to know what your sewage 


small 

\ 
works 1s do 
ing, and how well or how poorly it is do 
the job. It is important to the super 
it is important to 


Ing 
intendent or operator; 
the ity officials it 

citizens and taxpayers; and it ts 
state health 

cited to show why 
of these persons or 


important to the 
imnpor 
tant to local and officials 
Many reasons may be 
it 1s important to eacl 
groups for the operator to know what his 
plant 1s doing 

It is not the purpose of this paper to 
detailed reasons except 
knowledge of how a 


delve into these 
to say that complete 
works is operating is 
sake of the health of the 
sake of 
costs and hence taxes, tor 
educating the 


sewage important 


for the 
nity, for the 


commu 
reducing operating 
improving op 
eration, tot operator, and 
for increasing the pride he should have in 
Rather, the purpose ot 


and means of 


a job well done 
discuss ways 
operation and the 


this paper 1s to 
keeping tab on plant 


importance of these means at your dis 


y™ sal 
Chere cf approach to 
knowledge of how a plant is Operating 
hese are: (1) Physical measurement of 
volumes and weights cf sewage and ma 
terials handled, as well as of power and 


energy and dollars expended; (2) Analysis 


are three avenue 





by GERALD E. RIEPE 


Dist. Mgr., B-1-F Industries, Inc., Chicago, II! 
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Inlet cone~ ; Throat 


| Ldediediadiadaddiadadaddadiadadadedadeddddededed 





Outlet cone 


Fig. 2. LOSS OF HEAD curve for typical Venturi tube 


of the composition and concentration of 
iquids and solids passing through the plant 
ind the determination of the changes there 

and (3) the recording of all of these 
data with the calculation of operating 





Outlet section 
- = 


efficiencies, results, and costs of operation 
as permanent records of operating accom 
plishment 

Within a limited space, it is impossible to 
elaborate fully on all of these three phases 
































Fig. 1. HERSCHEL standard “‘long’’ Venturi meter tube. 
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This device operates on the principle that 
when the size of the pipe is restricted, the 
velocity of the liquid passing through it in- 
creases and the head (or height the liquid 
will rise above it) decreases. The difference 
in the head at the throat and at the inlet 
is a function of the volume of liquid flow- 
ing through. This principle is illustrated 
in Fig. 2. In addition to the fact that the 
Venturi Tube offers little or no resistance 
to the passage of fairly large objects as are 
often found in sewage, there is also very 
little head loss through the Venturi Tube 
| the readings of a good Venturi Meter 
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Fig. 4. DIAGRAM of Parshall Flume of “Open Type Venturi” 
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ply shaped and 


will be within one error of 2 per cent 
In smaller plants, sewage flow may be 
measured by the Kennison Nozzle (shown 


in Fig. 3), which has the additional advan- 











Fig. 5. EXAMPLES OF GAUGES—Liquid level indicator, rate of flow indicator, and totalizer-indicator-recorder 
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tage of being usetul for the purpose ot « 
trolling the flow in a grit chamber to the 
proper velocity desired. It, too, has an ex 
ceptional accuracy 

Another primary measuring device used 
in small sewage works is the Parshall 
Flume, which is in effect an open Venturi 
tube as shown in Fig. 4 

All of these measuring units 
advantage that by means of the proper con 
nection with control devices, it is possible t 
yperate many appurtenances in the plant i 
accordance with the flow of sewage. Such 
things as chemical feed machines, pumps 
chlorinators, air blowers, etc., may be ope: 
ated in direct ratio to and paced by the 
metering devices. This “pacing” operation 
of various units from measuring devices is 
a fascinating subject in itself, but cannot be 
covered here 


have the 


Recording Devices 

Obviously, the mere measurement of any 
liquid in motion is of little value unless some 
record of that measurement is made. For 

it purpose, there are recording instru 
ments which will show at what rate the 
iguid is flowing. These are the indicating 
gauges; they only show what is happpening 
at that moment. But the operator wants a 
record of what has happened, so there is 
available the indicating-recording type of 
meter which what is happening 
at the moment as well as recording it o1 
1 chart for permanency. A year later an 
operator can compare the sewage flow as it 
vas then with what it is today 

A more complex, but a more useful re 
ording gauge, is that which not only indi 
ates and records, but also totalizes. This 
s the totalizing-indicating-recording meter 
which will give at the end of 24 hours (or 
any other period of time) the actual amount 
f liquid that has passed through a plant 
or part thereof. These are permanent rec 
ords (with a high degree of accuracy) 
They can be used for any purpose, from a 
simple record of operation to exhibits ii 
a lawsuit, in case one should arise. Ex 
umples of these gauges are shown in Fig. 5 


shows 


What Liquid Volumes to Measure 

What liquids does one measure and where 
loes one make the measurements? Probably 
no two designing engineers would fully 
agree on the proper points of location for 
meters and controllers. However, inasmuch 
as such devices cost but a fraction of the 
cost of the whole plant, there is both logi 
and common sense in “complete metering.” 
In the well-operated plant there is not only 
the aim to reach and maintain the highest 
efficiency but also to experiment constantly 
to lower the cost of operation per unit 
volume of flow (i.e., per million gallons) 
Manifestly, it is essential to know continu 
ously and not to guess the performance of 
the plant as a whole and its individual 
units. Thus again it may be said that com 
plete metering is the ideal of good design 

Whether or not complete metering is ob 
tainable may sometimes be dependent on 
monies available or other 
and it is well to look briefly at the principal 
points of measurement and what should be 
measured or metered. Undoubtedly, the most 
important single measurement is that of 
the volume of liquid sewage coming int 
the plant. Therefore, a measuring device 
(Venturi, Kennison Nozzle, or Parshall 
Flume) should be placed at the influent t 
the plant Circumstances of topography, de 
sign, whether or not the sewage must he 
pumped and other factors dictate the de 
tails of location. Measurement may take 
place before or after grit channels, but 
where pumping is necessary, the measuring 
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Fig. 6. METER location diagram for activated sludge plant 


device is usually located on the discharge 
side of the pumps. 

For all intents and purposes, the same 
amount of liquid leaves the plant as enters 
it, so it is not necessary to measure the 
effluent of the plant. On the other hand, 
some of the liquid is removed with the 
sludge which settles out in a primary treat 
ment plant. Where that sludge is treated 
or allowed to digest in a separate digestion 
tank, it is necessary to know how much raw 
sludge enters those tanks and how much 
digested sludge leaves the tanks 

If the sludge is pumped, it is best meas 
ured by Venturi meters especially designed 


for the handling of sewage sludge. Thi 
Kennison Nozzle can also be used, but the 
Parshall Flume is not applicable for this 
purpose. Sometimes sludge volumes int 
or out of digestion or storage tanks are 
determined by the rise or fall in liquid 
level in the tank. For this purpose 
gauges, with indicators and recorders are 
available. Regardless of ultimate disposal 
(sand beds, lagoons or incineration), a 
knowledge of the amount of sludge is high! 
desirable 


leve 


Where secondary treatment is practiced 
the volume of sludge obtained and returned 
to the process should be determined. It i 
1955 
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Fig. 7. CONVEYOFLO meter for continuous weighing of sludge filter cake. 
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essential that chemicals added shall be in 
meet any variation u 
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sludge is very important. If the raw 
sludge is digested, it is important to know 
how much Thus, measure 
ment of the liquid volume of sludge in and 
out is essential and the dry solids are 
actually determined by analyzing properly 


ewagt 


residue there is 


collected samples of both the raw and the 


sludge. Where the sludge is elu 
is conditioned and dewatered by 
vacuum filtration without elutriation, it is 
ilso essential to good operation to know 
how much sludge is actually handled as well 
as the chemicals which are used, and if the 
sludge is incinerated, the amount of ash 
which is left. Liquid volumes of sludge may 
be measured by Venturi meter or by liquid 
level gauges, witth recording meters, of 
course. (Fig. 5.) Sludge cake from vacuum 
filtration, or dried sludge or ash may be 
measured by a Conveyflo meter which 
operates in connection witth a moving belt 
(Fig. 7.) 


digested 
triated or 


Gas Measurement 


In general, only three gases are measured 
in a treatment plant,—gas from 
sluge digestion, air for activated sludges 
and chlorine gas for disinfection. Everyone 
wants to know how much gas is given off 
by sludge digestion, and this is particularly 
true where that gas is used for heating 
buildings or for the operation of sludge gas 
or dual-fuel engines. Sludge gas may be 
measured by meters in which the parts ro 
tate in response to the flow of gas, or by 
orifices, or by gasometers. All three types 
of measurement devices may be arranged 
to give indicating or recording and totaliz 
ing records if desired, and it is sometimes 
desirable te know the rate of gas evolution 
as well as the total amount. For this 
reason, too, it is well to have gas meters 
on each sludge digestion tank. Where gas 
is used for boilers or for the operation of 
gas engines, it is advisable to have meters 
on the individual lines to these units 

As is shown in Fig. 6, air measurement 
in an activated sludge plant is extremely 
important to the proper operation of the 
plant. Meters on air lines, not only show 
the actual input of air to the aeration units, 
but also indicate when there is a falling 
off of the air to the tanks—a condition that 
might be caused by clogging of the diffuser 
plates 


sewage 


Miscellaneous Measurements 


In addition to the above information, it 
is desirable to know how much electricity is 
used in the plant and it may be desirable 
to know where that electric power is used 
For this purpose, regular type electri 
meters are used. An operator should also 
know how much “clean” water is used 
around his plant, and particularly if that 
from another city de 


water is purchased 


partment. There are several types of meters 
available for the measurement of water, 
depending on the installation, amount of 
water used, and other factors 


Examples of Meter Installations 


Figure 6 is a diagrammatic plan of an 
activated sludge plant, the various meters 
used and locations thereof, and is an ex- 
ample of good and complete metering. Per 
haps it would be well to describe this layout 
somewhat in detail 

The two most important Venturi meters 
are the Master Sewage Meter at A, and 
the Master Air Meter at B. On these are 
based the most valuable plant records, but 
it is apparent that these two meters will 
not reveal or segregate points or units of 
poor operating efficiency. This is the duty 
of additional meters. Operation of the cen 
trifugal pumps is recorded by Venturi 
meters at C 

Meters located at D show the discharge 
from each main blower and indicate not 
only amount of discharge, but by daily 
record will show any loss in performance 
Venturi meters at E can be used to appor- 
tion correctly the flow to each of the pri- 
mary settling tanks 

Sludge from the settling tanks may be 
removed and measured through Kennison 
Nozzles at F. The aeration tanks each have 
three Venturi Meters at G, H, and K 
One of these meters measures the influent 
sewage, the second measures the return 
sludge, and the third measures the air 
entering the tank. It is essential to good 
operation to know how much of each of 
these materials is entering the aeration 
tank 

Newly developed gauges, in connection 
with these Venturi Tubes. are available, not 
only for indicating and recording rates of 
flow, but also for showing ratios of sewag« 
and return sludge to incoming sewage 
Automatic rate control of any or all of 
these is possible 

At the two final settling tanks, Venturi 
Meters at L, with control valves, serve a 
purpose similar to the Venturi Meters at 
E, while Venturis at M with control valves 
make it possible to regulate and record the 
flow of activated sludge from these tanks 
to the suction well of the sludge pumps 

As indicated previously, a Parshall 
Flume, as at N in Fig. 6, is used to meas 
ure and record by-passed storm water 


Summary 


In brief summary, it may be pointed out 
that some of this discussion at first glance 
may not appear to be applicable to the small 
sewage plant. On the other hand, it should 
be emphasized, that in small plants as well 
as large, accurate measurements and re- 
cordings of plant operation are doubly im- 
portant, especially if only daytime attend- 
ants are available 

With competent “overseers,” such as good 
meters and recorders, the plant operator 
has available ready information on flow 
rates, distribution, ratio values, pump per 
formance, and so forth. These records are 
available and valuable for seasonal com- 
parison 

in actual, dollars, the amount saved by 
careful and efficient operation of a small 
plant may not be big—in a large plant it is 
vital—but when one computes the savings 
in percentage of the total operating ex 
penses, the value may be surprisingly large 

-again indicating the importance of good 
measurements and records. With this in 
mind, it may well be said “for every dollar 
invested in metering, that dollar is returned 
many times over as savings during the life 
of the plant.” 
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October 1925. Chemical Equipment Company of California trade mark CHEMCO has become syr 
onymous nation-wide for EVERYTHING FOR THE SWIMMING POOTl Therefore our 30th year Fiesta cele 


Dbration w extend fron May 1955 to Apr 1956 


CHEMCO is not going into ecstasies about the wonderful virtues of its management, that has survived 
depressions and wars, in the traditional glowing fashion of anniversary blurbs. But rather, we are honoring 
certain employees and departments by the cartoon above, which we explain, in part, below 

The female contingent is represented by our oldest in point of service, but still beautiful, Dixie, who guards 
the treasury and writes the checks. Dixie comes from the Sout Suh! and we caricature her in hoop skirt 


and the crinoline of the Old South, and a few corkscrew curls, for is not the South supposed to be Democrat 


Next is Seem our machinist, whose first name is Basil, whose education in Russia is equivalent to M.! | 
this country. His father was ‘‘High Brass in the Russian Imperial Railway System Basil fought with the White 
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tured with fur, boots and spurs, perhaps Cossack Style, carrying the caliper as Shop Superintendent. He repre 





sents our shop service, installation and construction section, as Shop Superintendent 


Next is Mac, the only real full-blooded, true Scotsman. Chief Engineer and Chief Estimator, he 
sharp pencil indicative of his profession, illustrating that oft posed question What does a Scotsmar 


under his kilt?’’ The answer—-NOTHING 


Next is JRM, the writer, President e Founder e Legally Sole Owner @e Sometimes Janitor @ who has spent 
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have been satisfied, happy and contented that JRM sold them. Supplying “Everything For The Swimming Pool 


should make them happy as we explain below 


CHEMCO’S PLEDGE TO OUR CUSTOMERS 
Chemco will supply the entire purification equipment, deck equipment and underwater lights for 
your swimming pool, under one responsibility and jurisdiction, as simple and foolproof as we can make 
it, not overloading any one piece of equipment, but by taking it all in one lump sum, taking a lesser 
profit on each, but by virtue of taking it all, render you the necessary expert service, correlating the 
equipment so that it functions as it should, which makes a profitable venture for us, and a satisfactory 
installation for our purchasers and users 
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CHEMICAL HANDLING AND FEEDING 


ATER supplies which are not 
acceptable as is, for domestic con 
sumption must receive treatment. In 
most cases treatment will involve the 
use of chemicals of some kind. Chem- 
icals are also used in some types of 
sewage treatment, too, and in sludge 
dewatering and in sewage disinfec- 
tion 
Coagulation of water or sewage 
may involve the aluminum 
sulfate, sodium aluminate, ferric sul- 
fate, activated silica, and lime de- 
pending on the particular process 
used. Water softening will require 
lime, soda ash, and carbon dioxide. 
Disinfection will use chlorine, chlo- 
rine dioxide, or ozone. Taste and 
odor control utilize activated 
carbon, chlorine, chlorine dioxide, and 


use of 


may 


copper sulfate 

Sewage sludge conditioning gener 
ally uses ferric chlorine and lime but 
may use other coagulants (ferric sul 
fate, aluminum chloride, or aluminum 
Industrial may re- 
treatment of 


sulfate) wastes 


elve chemical diverse 


characte! depending on the wast 


heing treated. Treatment may involve 
reduction, chlorination, 
neutralization or coagulation, and 
utilize other (sulfur 


sodium meta-bisulfate, bar 


oxidation, 
may chemicals 
dioxide, 
ium chloride, sodium sulfate, etc.) in 
iddition to those chemicals mentioned 
above 

\\ he never 


n treatment processes, 


are employed 
there also will 
be the problems of handling, storage 


and fee ding 


chemicals 


Handling 


Dry chemicals may be shipped in 


bulk, in paper bags of various sizes, 
drums or barrels of different 


in fibre 


z¢ The kind and size of containe 


depend on the bulk density 


l 
used will 
hygroscopic and chemi 
particular 


particle s1ze, 
haracteristics of the 
and [.C.4 regulation 

container will also depend 


handling 


cal r 
hemical, 

oice of 
facilities for 


on the users’ 


ind storage 

Bulk iz 
into storage hoppers by 
bucket 
Bags may be 
trucks or on 
han 


chemicals 1 be unloaded 
air conveyors, 
tubular conveyors, elevators 
conveyors 
hand 
and barrels, are 
hand truck 
hipped in 105 and 150 
in ton containers, or 
han 


containers 


ind screw 
transported by 
pallets. Drums 
dled easily by 

Chlorine is 
pound cylinder 
in bulk tank cars. ¢ 
dled by 


ylinders are 


hand trucl or 


by special lifting clamps and chain 
hoist. Liquid chemicals (i.e., ferric 
chloride, liquid alum) are shipped in 


tank truck or tank car 


Storage 

Bulk dry chemicals are usually 
stored in hopper bottomed storage 
compartments from which they can 
be transferred to feeding devices. 
Packaged chemicals whether stored 
on pallets or not, generally require 
storage rooms, preferably above the 
elevation of the chemical feeders. 
This usually means that elevating 
equipment is necessary to lift chemi- 
cals from ground level to storage 
room, Storage should be fireproof. 

Corrosive liquid chemicals are 
stored in rubber lined tanks from 
which they may be discharged to 
feeders by gravity or by air pressure. 
Chlorine containers are stored in a 
cool, dry, well-ventilated place away 
from heat walkways, ele 
vators, stairways and ventilating sys 
tem intakes. Indoor should 
be above ground and fireproof out 
door storage should provide protec 
tion from and 
debris 


sources, 


storage 


direct sun, snow, 


Feeding 
Che best 
treatment combines a simple mechan 
ical feeding device, either liquid or 
dry feeder, with easy chemical han 
dling and simple piping and injection 
Chlorine i 


installation for chemical 


or feeding arrangement 
fed by a gas type feeder which dis 
solves the gas and discharges it as a 
solution 

Dry feeders 
requirements: Accuracy, 
check, protection against overfeeding, 
and Dry feeders 
are of two general types—-gravimet 


chemical have four 


basi dosage 


efficient dissolver 


(sravimetric 
un 


ric, and volumetric 


feeders have an accuracy (ot 


formity of feed rate) of 
cent, and may be either loss-in-weight 
belt type Volu 
have an accuracy of 


feeder type depends on many) 


one per 
feeders or feedet 
metric feeders 
three per choice of 


lactor 


cent 


including accuracy desired 

Solution feeders may be 
tioning pumps 
controlled outlet yravit 
tion feeders (except the 
feeder ) usually feed 
less than 57 gal per hr, but have « 


especially 


propor 
Rotodip feeders, o1 
feed. Solu 
totodip 
have rates of 


tremely tine dosare control 


in the proportioning type of dia 
phragm or constant controlled volume 
pumps 

Gas (chlorine, sulfur dioxide, or 
ammonia), is most conveniently fed 
in special solution type feeders, op- 
erating on a vacuum principle. Di 
rect pressure type feeders are avail 
able, but are limited in application 
and not as fool proof and safe as are 
the vacuum type feeders, 

In the selection of chemical feeder 
equipment it is essential to define 
operational equipment ; determine the 
storage requirements ; and choose the 
best available location, type of instal 
lation and type of feeder 


Materials for Handling 


Che type of material used for han 
dling chemical solutions depends en 
tirely on the characteristics of the 
chemical in solution, Corrosive solu 
tions must be handled only in mate 
rials that are resistant to that par 
ticular solution. Among the materials 
used are stainless steel, rubber, Dur 
iron, bronze, ceramics, asphalt, hard 
rubber, plastics, monel, nickel, tanta 
lum, etc, The actual choice of mate 
rial depends on the chemical involved 
\ tabulation of chemicals, their char 
acteristics, feeding requirements, and 
suitable handling materials has been 
published as Keep Sheet No. 22 by 
B-I-F Industries, In 


Control 


The type of contro] used in chemi 


ical feeder operation depends on the 
chemical being fed, accuracy of feed 
desired, size of installation, and the 
variability of feeding requirement 
Manual control equipment is put 
in operation and shut manu 
ally, by the operator and the rate of 
feed in lb per hr or Ib per mil gal, is 
established by adjustment 
tart-stop 
manu 


down, 


manual 
Semi-automatic control o1 
equipment rate 
ally pre-set but in step with pump or 
timed cycle 
is accomplished through controls op 


erated from flow measuring device 


operates at a 


Paced proportional feed 


Program control equipment provide 


automatic changing of the chemical 


feed rate throughout any period to 


follow changes in required dosage in 


accordance with a_ pre-established 


schedule 
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AT EACH of the five Jones Company plonts, Chiorine is received in tank 
cars, repacked in smaller containers selected to meet the customer's needs 


Save storage space and shipping time 


on your next CHLORINE purchases 


W 


GET FAST DELIVERY ON MANY CHLORINE PRODUCTS 
IN WHATEVER CONTAINER BEST FITS YOUR 


cost and nuisance of storing 
Buy 
whether it's 


Stop the 


huge amounts of Chlorine only 


what you need several 
carloads, just part of one tank car, or as 
little as 16 Ibs.! 

You can get less-than-carload ship 
ments of from John Wiley 


And you get them quickly, be 


Chlorine 
Jones 
cause Jones has five distribution centers 
spotted in important locations around 
the country, each one ready to make 


delivery within a matter of hours in 


many Causes 


Eliminates searching 

You save searching time, too, because 
you have a single convenient and de 
pendable source for all 
liquid Chlorine, Caleium Hy 
pochlorite, and Sodium Hypochlorite 


your Chlorine 


produc ta 


(Cylinders, tins, drums, carboys, and 


TALLOONIA. MEW YuRE 
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LIQUID 
CHLORINE 


In 16-, 105-, 150-Ib. 
cylinders and 1-ton 
tonks. 





NEEDS 


CALCIUM 
HYPOCHLORITE 


(70% available 
Chlorine) In 3%- 
and 5-lb. tins, 
100-Ib. drums. 


ton-tanks—Jones delivers in any type of 
container you require. This flexibility, 
plus the speed of Jones’ deliveries, gives 
you complete protection against sudden 
emergency needs for Chlorine 

Top quality 

Jones Chlorine is quality controlled to 


meet high government standards. Mu- 
utilities and indus- 





nicipalities, public 
trial users have relied on Jones Chlorine 


SODIUM 
HYPOCHLORITE 


In gallons, carboys. 
Tankwagon 
deliveries in 
1000-3000 gal. lots 


— 


for a quarter of a century 


Dependable 


We supply more municipalities than all 
other Chlorine packers combined 

Our trained technical staff will be 
glad to help you solve your Chlorine 
Take the waste out of your 
Do it now! Write for 


problem 
Chlorine buying 








prices 





JOHN WILEY JONES CO. 


610 MeNinch St 
Chorlotte, N.C 
Tele—6-7790 


2365 Dennis St 

Jacksonville, Fla 

Tele—Eigin 4.5503 
6-332! 


100 Sunny Sol Bivd 1904 Border Ave 600 Bethe! Ave 
Coledonic, New York Torrence, Colif Beech Grove 
Tele—Caledonica 64 Tele—Foirfox 8-6383 (Indianapolis) ind 
79,4 Tele 
idlewood 1443,1444 





Recommended Procedures 


In the Use of Chlorine at Water and 


HE Joint Committee on Chlorine 

Supply came into beimg as the out- 
yrowth of abnormal business relations 
experienced between users and manu- 
facturers of chlorine during World 
War II and the extraordinary demand 
for chlorine in the post-war era fur- 
ther amplified by the Korean episode. 
During this period the chemical indus- 
try experienced a phenomenal growth. 
Demands for chlorine were so great 
that service suffered, not as to quan- 
tity requirements but as to the type of 
container unit furnished. Many water 
and sewage plants wanting chlorine in 
ton containers could not get it. They 
were obliged to accept and use smaller 
package units. 

It was to investigate this and other 
related problems that the Federation 
of Sewage and Industrial Wastes As- 
sociations, in October, 1950 set up a 
pecial emergency Committee on Chlo- 
rine Supply. The objective of this 
committee was “to study and investi- 
gate problems of chlorine supply and 
distribution in the water and sewage 
helds, and to develop recommenda 
tions for their solution.” Almost si 
multaneously a similar committee was 
established also in the Conference of 
States Sanitary Engineers. Problems 
in the water supply field were being 
djusted as far as possible through the 
headquarters office of the American 
Water Works Assn 

In May 1951 all independent activi 
ties in seeking a solution to the chlo 
rine supply problem were combined 
through the formation of the Joint 
Committee on Chlorine Supply. Mem 
bers of the joint committee represent 
ed the Conf. of State Sanitary Engi 
neers, and the Federation of Sewage 
and Industrial Wastes Assns., the 
\m. Water Works Assn. and the U.S 
Public Health Service 

In 1952 the Board of Directors of 
The Chlorine Institute, Inc.. New 
York, set up a Public Health Advis 
ory Committee, on which the follow 
ing organizations were requested to 
appoint representatives: the Ameri- 
can Public Health Assn. ; the Ameri- 
can Water Works Assn. ; the Conf. of 
Municipal Public Health Engrs. ; the 
Conf. of State Sanitary Engrs.; the 


From a Report by 
The Joint Committee on Chlorine Supply 


Federation of Sewage and Industrial 
Wastes Assns.; the U.S. Public 
Health Service. Fortunately all mem- 
bers of the Joint Committee were 
authorized to also represent their or- 
ganizations on the Public Health Ad- 
visory Committee of The Chlorine In- 
stitute. Thus a valuable contact with 
the manufacturers was available and 
progress of the Joint Committee was 
thereby facilitated materially through 
the liaison service of technical com- 
mittees of the Institute. The respon 
sibility for the report, however, rests 
entirely with the Joint Committee. 
The report has as one of its objec 

tives the standardization of proced- 
ures in the use of chlorine in the sani 
tation field, such as the most practic 
able or economically feasible size of 
chlorine container to use; the proper 
chlorine inventory at users’ plants; 
the schedule of return of chlorine con 
tainers, etc. To make such a program 
work requires its application by and 
cooperation between consulting engi- 
neers, public health engineers, execu 
tives and operators of water and sew 
age plants, and the chlorine manufac 
turers. The committee is hopeful that 
the recommendations set forth in the 
report will receive sufficient support 
to assure benefits to all concerned 


The Report in Brief 


The report is comprised of 11 sec 
tions, as follows: 


1. Conditions of Use for Chlorine Cylin- 
ders and Ton Containers 
Chlorine Inventories at Water and 

Sewage Treatment Plants 

Transportation of Liquid Chlorine 

Policy and Practices in Return 

Empty Containers to Suppliers 

Safety in the Use and Handling of 

Chlorine 

Chlorination Equipment 


Bulk Storage of 


Standby 
Stationary Liquid 
Chlorine 

Procedure for Securing Chlorine in 
Case of Emergency 

Known Manufacturers of Chlorinators 
and Solution Feed Units for Hypo 
chlorites 

Liquid Chlorine Producers and Re- 
packagers in the U. S., Canada and 


Cuba. 


Sewage Plants 


11.* Producers of Dry Hypochlorites 


* Information in sections 9, 10 and 11 
furnished by The Chlorine Institute 


The Chlorine Supply Picture 


\s a matter of information, the 
capacity for the production of chlo 
rine gas in the United States has in 
creased rapidly. In 1950 production 
was 2,372,500 tons per year; for 1953 
production estimates are 3,467,000 
tons of chlorine gas. About 50 per 
cent of the gas production is liquefied 
for shipment. Liquid chlorine used 
for sanitation purposes in 1950 was 
73,000 tons; in 1953 estimated use is 
at 89,000 tons. These figures repre- 
sent but 6.2 and 5.2% of the total 
production of liquid chclorine for the 
years 1950 and 1953. Although sani- 
tation chlorine is a minor production 
item to the industry, its application in 
the sanitary field represents one of the 
most important uses for chlorine—a 
use of chlorine which must be met 
irrespective of all exigencies. With 
this view the Board of Directors of 
The Chlorine Institute are thoroughly 
in accord 

It is of vital importance to the 
public health and welfare that the ever 
increasing demands for chlorine in 
the treatment of water and sewage, 
and in other uses for sanitation pur 
poses, be met. Adjustments in the 
methods of distribution of the chemi 
cal seems to be the greatest current 
need, looking to an improved relation 
ship between the user and the supplier 
of chlorine 


was 


Committee Personnel 


The Joint Committee on Chlorine 
Supply consisted of the following 
members representing the participat 
ing organizations listed 


Conf. SSE 
AWWA 
FS&IWA 
FS & IWA 
AWWA 
FS & IWA 
Conf, SSE 
USPHS 


W. J. Scott, (chmn.) 
R. J. Faust (Secy.) 
L. H. Enslow 

L.. L. Hedgepeth 

H. E. Jordan 

L. F. Oeming 

B. A. Poole 

L. F. Warrick 

1955 
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A ffiltates 
APHA 
Conf. MPHE 


. BK. Elder 


\. H. Herberger 


Important Sections of the Report 


Printing of the complete report of 
Joint Committee herein is beyond 
limitations imposed on a publication 
uch as this. The complete document 
will be printed in the October issues 
of the AWWA Journal and the Sew 
age Works Federation's official pub- 
lication Sewage and Industrial 
Wastes”. The portions here repro- 
duced are considered the most impor- 
tant to those in charge of water and 
works 


the 


ewage 


CONDITIONS OF USE 
FOR CHLORINE CYLINDERS 
AND TON CONTAINERS 

It is considered that rates of chlo 
rine gas withdrawal should not exceed 
40 pounds per 24 hours for a 100 or 
150 pound cylinder or 450 pounds per 
24 hours for a ton container. It is 
recognized that for short periods of 
time these rates may be exceeded by 
as much as fifty per cent for a period 
not exceeding 2 hours. With use of 
an evaporator, liquid chlorine can be 
from a ton container to an 
a rate much in excess 


drawn 
evaporator at 


of 450 pounds per 24 hours 


The following adaptation and use 
of cylinders or ton containers is rec 
ommended 


Max. Rate of 
Withdrawal 
Ibs./24 hes 


100 


Tote! 
Consumption 
tos./24 bes 


100 


3 cylinders in use 


ample but practical inventory of chlo 
rine at the user’s plants is imperative 


Che chlorine inventory needed at a 
water and sewage treatment plant 
can be determined by an analysis of 
the problem. The several factors that 
have a bearing on the problem are: 
(1) normal length of time required 
for delivery from shipping point to 
the user's plant; (2) the amount of 
chlorine used per day during periods 
of high requirements ; and finally (3) 
emergencies which interrupt chlorine 
deliveries 


In an analysis of the above criteria 
other factors immediately evolve 
namely, the definition of inventory 
terms. By defining terms our under- 
standing of the problem of chlorine 
inventory is greatly simplified. The 
terms that need definition are (1) 
critical inventory; (2) working in- 
ventory; and (3) maximum inven- 
tory 


Critical Inventory 


“Critical Inventory” of chlorine at 
a water or sewage treatment plant is 
defined as the number of full uncon- 
nected chlorine units equal to the 
number of units normally connected 
and in service. Except for systems 
using less than 5 lbs. per day or for 
unusual circumstances this type of 
inventory should not be condoned. 
With this limited inventory a plant 
sheuld be considered in emergency 
operation. 


Containers 
Recommended 


Remarks 


Cylinders Only 


(possibly 6 connected) 


5 cylinders in use 


Cylinders Only 


possibly 8 connected 


5 cylinders in use 


*Ton containers may be justified 


(possibly 8 connected) 


Ton Containers** 


Ono ton 


” more or more 


Ton Containers** 


*1 carload provides 5 months stor- 
age 


1 carload provides 100 days stor- 
age, or less 


*Delivered by truck, since car lot delivery of 15 tons cannot usually be justified 
**Some changes in this schedule may be required for seasonal users of chlorine in order to preclude holding 


ntainere over between seasons 


It is assumed that for continuity 
of operation on most water or sewage 
works or industrial wastes systems, 
spare cyinders and spare ton contain 
ers would be hooked up. This may 
mean that a special manifold should 
be ordered to permit connecting up 
extra cylinders or ton containers 


CHLORINE INVENTORIES 
AT WATER AND SEWAGE PLANTS 

In the final analysis the chlorine in 
ventory at a user's plant must be pred 
icated solely on the single objective 
that the treatment must not be stopped 
lack of chlorine. An 


because of a 
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Working Inventory 

“Working Inventory” of chlorine 
at a user's plant may be defined as that 
inventory which represents a reason 
ably ample supply to assure continu 
ity of the disinfection treatment. In 
practice it should approximate (1) 
a duplication of the connected chlorine 
units (critical inventory) plus (2) a 
chlorine reserve equivalent to the 
length of time required for delivery 
from the shipping point to the user's 
plant (varies from 2 to 15 days supply 
of chlorine depending on local trans- 
portation conditions) and plus (3) 
a chlorine reserve for exigencies, 


strikes, transportation interruptions, 
etc. equivalent to a 15 day supply 
The “working inventory” for any 
plant must be developed specifically 
for that plant, and be based on actual 
conditions. 


Maximum Inventory 

“Maximum Inventory” is defined 
as that invemwory which is equivalent 
to a 6O day supply of chlorine at the 
user's plant at normal rates of use 
The small users of chlorine (5 Ibs/day 
or less) must be excepted from this 
definition. Beyond the small plant 
there are few if any practical reasons 
to exceed the 60 day inventory. To 
do so ties up an unwarranted stock 
of cylinders and containers. Maximum 
inventories should be considered as 
being temporary only 


Recommendations 

Regular chlorine shipping sche- 
dules, or the placing of orders for 
chlorine, should be developed or timed 
to maintain the chlorine inventories at 
the user’s plants at approximately the 
“working inventory” as defined above. 
In practice this objective may be dif- 
ficult to attain due to the size of 
chlorine deliveries, particularly where 
shipments are represented by car-load 
lots. Thus working inventories will 
vary in size. However, the extremes 
of these variations should be restricted 
between the critical and the maximum 
inventories. To maintain such a rea- 
sonable and well defined inventory 
should prove advantageous to user 
and manufacturer alike 


Based on the foregoing definitions 
the accompanying table reduces to 
practical terms the critical, the work- 
ing and the maximum chlorine inven- 
tories for plants using chlorine at the 
rates of 0.5 to 2000 lbs. per day 


TRANSPORTATION 
OF LIQUID CHLORINE 

Chlorine is shipped as a compressed 
liquefied gas in cylinders, ton con- 
tainers and single unit tank cars. 
These three styles of containers are 
designed and built to the regulations 
and specifications of the Interstate 
Commerce Commission under a penal 
statute—(62 Stat. 738). 


The sizes of these styles of 
tainers are as follows: 


con 


Cylinders 

Cylinder capacities range from | |b 
to 150 Ibs. ot chlorine, but the 150 
lbs. size is most-frequently used 
Cylinders (usually known officially as 
ICC-3A480) may be shipped by motor 
and rail carriers in any quantity, sub 
ject only to weight limitations 


A minimum truckload lot weighs 





MATHIESON QUALITY PRODUCTS FOR 
TREATMENT OF WATER AND WASTES 


TREATMENT OF RAW WATER @ CLARIFICATION OF TURBID AND COLORED SUPPLIES @ REMOVAL OF TASTES AND ODORS @ WATER 
SOFTENING @ STERILIZING NEW EQUIPMENT @ CLEANING SUPPLY EQUIPMENT AND INSTALLATIONS @ EMERGENCY CHLORINATION 


HTH GRANULAR 


The following outstanding properties of 
HTH have gained wide acceptance for the 
product by water works operators and others 
using HTH in water treatment: Dependable 
strength of over 70% available chlorine, 
high stability that maintains the product at 
full strength even after months of storage 
at summer temperatures, low calcium chloride content that 
eliminates hygroscopic tendencies, rapid and complete 
solubility of the active element in water. 
The available chlorine in HTH is in the form of true 
calcium hypochlorite, the formula of which is Ca(OCl):. 
When consideration is given to the light-weight, non- 
returnable containers in which HTH is shipped, its avail- 
able chlorine per pound of gross weight exceeds that of 
liquid chlorine in the 100- and 150-Ib. cylinders. More- 
over, its use involves none of the hazards that attend the 
handling and use of liquid chlorine. It is little wonder, 
therefore, that water works men avail themselves of this 
convenient, safe source of available chlorine wherever 
practicable. 
The 5-lb. cans of HTH Granular, packed 9 to the case, are 
particularly convenient for sanitization of newly laid pipe- 
lines, isolated water supplies and at locations where trans- 
portation of the chlorine carrier is a troublesome factor. 
For continuous or emergency hypochlorination of water 
supplies, the 100-lb. drum of HTH Granular may be a 
more economical unit. In determining the more desirable 
package, however, consideration should be given to the 
advantage of keeping a product not immediately needed 
in sealed 5-lb. cans rather than in a 100-lb. drum that is 
frequently opened. 


HTH TABLETS 


For convenient handling in many water treatment applica- 
tions, HTH is also available as HTH Tablets. This product 
is simply HTH in the form of compressed, easy-to-handle 
tablets which dissolve slowly and provide a continuous 
source of available chlorine over an extended period of 
time. 

HTH Tablets are made wholly of dependable HTH and 
contain 70% available chlorine the same as the time- 
tested granular product, HTH Granular. The tablets are 
stable and dust-free and have an unusually high degree of 
strength. HTH Tablets thus offer an exceptionally safe 
and convenient means of handling, measuring and storing 
available chlorine. HTH Tablets are packed in 100-Ib. 
drums and in cases of six 7'/2-lb. cans. 


HTH TABLET HYPOCHLORINATOR 


By use of the HTH Tablet Hypochlorinator 
the convenience offered by the HTH in 
tablet form can be combined with accurate 
‘metering and feeding of hypochlorite solu- 
\tions. This equipment, specifically designed 
by the Mathieson technical staff to dissolve 
jHTH Tablets and to dispense the resultant 
hypochlorite solutions, provides a conven- 
ient and efficient method of feeding avail- 
able chlorine at rates which can be accu- 


rately controlled and quickly varied to cover a wide range 
of operating demands. 

The HTH Tablet Hypochlorinator is of practical design, 
compact construction, and attractive appearance; it is easy 
to install and very simple to operate. Moreover, HTH 
Tablet chlorination eliminates all measuring and weighing 
operations, and requires no preparation of stock solutions. 
The HTH Tablet Hypochlorinator is engineered to give 
long-time reliable service. Initial cost is low, and since 
the unit operates with no moving parts, maintenance and 
upkeep requirements are almost negligible. 

HTH Tablets and the HTH Tablet Hypochlorinator can 
be applied successfully and economically in many cases 
where line or flow chlorination is desired. Such uses in- 
clude chlorination of industrial wastes, industrial sewage, 
potable water, ponds, swimming pools and spray towers, 
and the feeding of hypochlorite solutions in dairies, can- 
neries, bottling plants and other food and beverage plants. 


SODIUM CHLORITE 


Chlorine dioxide (CIO;), is produced at the point of use by 
the interaction of chlorine and sodium chlorite (NaClO.,). 
The reaction takes place in a simple mixing chamber or 
solution generator, and the reagents may be (1) solutions 
of chlorine and sodium chlorite or (2) solutions of HTH, 
acid and sodium chlorite. The dilute chlorine dioxide solu- 
tion thus formed is fed directly into the water for taste 
and odor control and for disinfection. 

Mathieson Sodium Chlorite Technical is a dry, straw 
colored, crystalline material containing 130 per cent avail- 
able chlorine. It is non-hygroscopic, extremely soluble in 
water and very stable both in dry form and in solution. 
Packed in 100-lb. drums and 25-Ib. pails. 


SULPHATE OF ALUMINA 
Activated Alum Brand 


Activated Alum—the only alum designed exclusively for 
use in the field of water and sewage treatment——contains 
finely ground natural silicates, providing a free-flowing, 
less hygroscopic product of porous structure and higher 
alumina content. Activated Alum is used and preferred by 
several of the largest municipal water works in the U. S. A. 
Packed in 100-lb. six-ply paper bags. 


PH-PLUS (Fused Alkali) 


A special moisture-free alkali for water treatment, fused 
at 1,800° F. and cast in '%-lb. conical cakes. The cakes 
have a purity and rate of solution particularly desirable for 
pH control of swimming pool water and general industrial 
water treatment. Shipped in 100-lb. bags. 

Other Mathieson Chemicals for Water Treatment: 
Soda Ash « Caustic Soda -« Liquid Chlorine 
Ammonia -¢« Sulphuric Acid 


For complete information and detailed technical data see your 


Hydrazine « 


Olin Mathieson representative or write 


OLIN MATHIESON CHEMICAL CORPORATION 


industrial Chemicals Division 


MATHIESON Baltimore 3, Maryland 
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KeCOMMENDED CHLOKINE 


Chlorine Used 
per Day 
(Pcunds Avg.) 


Critical 


0.5 

2.0 

45.0 
10 
20 
Oo 
100 
aL 
“nm 
on 
hoon 

moo 


150 ib 
150 Ib 
150 ib 
150 Ib 
150 ib 
150 ib 
150 Ib 
150 Ib 


ton container 


ii 1 kk 


> 


vote 100 th. eylinders are available 


sbetantially 
: The recommended “Critical Inventory 
nditions 


should still apply 
numbers 


Critical Inventory 
The 
Working 
These figures roughly 
Maximun 


railroading car 


maller of the two 


Inventory’ where deliveries take 
inventories tor 
(15-one-ton containers) 


yet SOO the per day 


23,000 Ibs. gross or 20,000 Ibs 
n certain parts of the country depend 
ing truck tariffs. A 23,000 Ib 
truckload constitutes approximately 
86 cylinders of 150 Ibs. net each 


gross 


on 


\ minimum carload lot of cylinders 
weighs 30,000 Ibs. gross throughout 
the United States and constitutes ap 
proximately 110 evlinders of 150 Ibs 
net each 

Phe 
in weight so scales should be adjusted 
wccordingly for each cylinder being 
used. The approximate tare weights 
of 100 and 150 pound cylinders fol 


cylinder shells vary somewhat 


low 


Approx, Tare Wat 
(Pounds) 
Hvy. Type 


Cylinder 
Contents 
(Lbs. Net) 


1o 7% BS 
92 12 


Let. Type 


Ton Containers and 
TMU Tank Cars 

Che ton container holding | ton of 
chlorine may be shipped in any quan- 
tity on motor trucks or semi-trailers 
subject to weight limitations, and the 
empty ton containers may likewise be 
returned, What is known as the Mul- 
tiple Unit Tank Car (officially known 
as TMU), holding 15 ton containers 
on an especially designed underframe 
similar to a flat car with tanks (con- 
tainers) cradled and anchored, may 
be shipped to a siding owned by the 
consignee or leased from the rail car 
rier by the consignee. This TMU 
tank car may, under certain regula- 
tions of the Interstate Commerce 
Commission, be shipped to a nearby 
rail carrier track, the ton containers 
hoth loaded and empty being handled 
by the consignee. Rail carrier trans- 
portation of loaded ton containers, 
except on TMU tank cars, is prohib 


ited. In the rail carrier transportation 
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Inventory (e) 
(None of which ls in use) 


cylinders 


Where 
agree with that shown in the table 
column also represents the number of cylinders or containers usually in active service. Local 


could affect these figures materially 


represents 
15 days 


the 


INVENTORIES Al 


Working Inventory 
(None of which is in use) 


150 Ib 

150 Ib 

150 Ib 

150 Ib 

4 150 Ib 

&-12-—150 Ib 

16-24-—150 Ib 

-47-—150 Ib 

4-6—ton container 
&-10 
12-18 
22-35 


cylinders 


they are used 


Watex Any Sewace PLants 


Maximum inventory 
(None of which is in use) 


2—150 Ib. cylinders 
2—150 Ib : 
$—150 ib 
4—150 Ib (c) 
&—150 Ib a (c) 
20—150 Ib (c) 
40—150 Ib (c) 
80-—150 Ib (c) 
9—ton containers (c) (d) 
is (c) (d) 
w (ec) 
oO (c) 


instead of the 150 Ib. cylinders the net weight of chlorine in inventory should 


Irrespective of the number of units in service the principle as expressed in the definition of 


the “working inventory 


represent 60 days of chlorine inventory 

these categories are for plants receiving chlorine delivery 
should be not more than 19 and 23 ton containers, respectively, for 
Users of 1 ton or more of chlorine per day should consider the use of single unit tank cars 


Maximum Inventories 


of TMU loaded tank cars, the weight 
for tariff purposes is the weight of 
the chlorine only. In the rail transpor- 
tation of empty ton containers, the 
TMU underframe must have all 15 
empty ton containers in place. As an 
alternative, empty ton containers may 
he returned in any number by ordi- 
nary rail transportation or by motor 
carrier. Freight rates via motor car- 
riers apply on the gross weight of the 
loaded ton containers, except where 
minimum quantity rates are in effect 
In such case that minimum must be 
shipped. Special equipment is required 
for handling ton containers whether 
delivered by truck or by rail. Station- 
travelling 
necessary 


ary or movable cranes or 
overhead rail 
along with some type of lifting rig 


hoists are 


Single Unit Tank Cars 

These tank cars are in three sizes 
holding 16 tons chlorine, 30 tons 
chlorine, 55 tons chlorine respectively 
All three sizes are in use in sanitation, 
the two smaller sizes being most in 
use. A single unit tank car must be 
consigned to and unloaded on a private 
or leased rail siding. The unloading 
of single unit tank cars requires skill 
and should never be undertaken by 
other than trained personnel 


RETURN OF EMPTY CONTAINERS 
POLICY AND PRACTICES 

Liquid chlorine shipping containers 
represent sizeable funds invested by 
the manufacturers or suppliers of 
liquid chlorine. The interest on the 
total invested funds in 150 Ib. chlorine 
cylinders or ton containers, plus de- 
preciation on containers and valves, 
must be included in the factory-door 
cost of producing and packaging liq- 
vid chlorine. Furthermore, when gov- 
ernmental restrictions on the uses of 


‘ where deliveries require 2 days 


by 


The lorger figure represents the 


truck. For plants receiving chlorine delivery 


steel are in force it is difficult for 
chlorine producers and/or suppliers 
to procure additional containers 


It should be clear, taking into ac- 
count the above circumstances, that 
the larger the stock of containers a 
chlorine producer is required to own 
and maintain, the greater the factory- 
door cost of the packaged chlorine 
Any group of chlorine purchasers 
which creates the necessity of pro- 
ducers maintaining a larger inventory 
of chlorine containers comprises the 
least attractice (profitable) class of 
purchasers of chlorine. More im- 
portantly, that group of chlorine pur 
chasers which does not promptly 
return empty containers may well 
create a more consequential problem 

namely, that of an _ insufficient 
number of containers on hand for the 
producer to completely fill orders in 
a single shipment. This creates con- 
fusion at both ends and adds to the 
producer's cost of supplying the 
chlorine user through splitting of 
shipments, extra bookkeeping, billing, 
etc. At the producers’ end it likewise 
adds to costs of handling, record 
keeping, etc. At the same time, the 
chlorine user who neglects to return 
empty containers as promptly as is 
permissible is not showing considera- 
tion either for the supplier or other 
chlorine customers who may suffer 
the consequences of recurring short- 
ages of containers in the hands of the 
supplier. 

During World War II the matter 
of empty containers in the hands of 
those responsible for operation of 
water and sewage plants became a 
problem of marked consequence. The 
pleas for more prompt return of 
empty containers, in smaller shipments 
than customarily practiced, bore fruit 
and relieved a growingly serious situ- 
ation. It behooves all users of liquid 





chlorine to reinstate the practice of 
prompt return of empty cylinders at 
regular intervals, regardless of the 
number available for return. When 
considering the number of water and 
sewage plants using chlorine, and mul- 
tiplying this number by even a minor 
average number of returned cylinders 
per plant each month the boost in the 
rate of cylinder turnover will consti- 
tute an impressive accomplishment 


Considerations for Seasonal 
Users of Chlorine 

In instances wrere chlorination is 
provided on a seasonable basis, such 
as sewage effluent chlorination during 
the bathing season or for the seasonal 
protection of shellfish areas, sewage 
chlorination for summer odor control 
etc., the tying up of chlorine con- 
tainers may be particularly objection- 
able should the chlorination season 
end with a sizeable number of full 
chlorine containers on hand. In this 
instance the municipality has a dead 
investment in chlorine to be carried 
through the non-use months. This is 
particularly undesirable where the 
chlorine is being supplied in one ton 
containers 


Chlorine users in the seasonal cate 
gory can do much to improve the 
container turnover picture if they will 
look ahead a bit and place their final 
order of the season at a time, and in 
a quantity, that will reduce the num- 
her of carry-over full contaimers to a 
minimum, Possibly whatever remains 
at the close of the chlorination season 
can be transferred to the local water 
department or, if need he, sold to an 
adjoining community 


Where one ton containers are in 
volved the user may find it expedient 
to procure chlorine in ton containers 
for transportation by truck, to finish 
out the chlorination rather 
than order another 15 unit car and 
tie-up a number of these expensive 
containers during the non-chlorinat- 
ing months. Second best would be the 
purchase of a less than car load ship- 
ment of chlorine in 150 Ib. cylinders 
to finish out the season. In the case of 
the larger plants the adoption of bulk- 
storage of chlorine, as hereinafter 
discussed, may prove to be the most 
effective solution 


season, 


There may be other methods of 
providing a more rapid rate of chlo 
rine container turnover in given situa 
tions than have been suggested herein 
The whole point of this discussion is 
an attempt to prevail upon plant op 
erators to practice the “golden rule” 
in the matter of keeping chlorine 
containers in mobile circulation for 
the benefit of all concerned 


STATIONARY BULK-STORAGE 
OF LIQUID CHLORINE*® 


Stationary bulk-storage of liquid 
chlorine is practical for large water 
and sewage plants under these con 
ditions: (a) The storage tanks are of 
proper (approved) construction for 
chlorine service, (b) the storage tanks 
are mounted so that the contents may 
be weighed at any time; (c) the tanks 
are well and properly maintained, (d) 
the quantity stored therein does not 
exceed safe loading limits, and (e) 
the loading and unloading practices 
are safe 


Hazards 


Lhe potential hazards of such stor 
age are substantially the same as those 
ot the storage of liquid chlorine in 
tank cars on water and sewage plant 
premises, differing only in that (a) 
unskilled maintenance of the storage 
tank may result in escape of chlorine, 
(b) over-filling of the tank may cause 
hydrostatic rupture of the tank and 
the complete discharge of its loading 
to the surrounding air, and (c) in the 
event of fire, it will not be possible 
to move the stationary tank to a safer 
location. 


Tank Construction 


A specification for stationary bulk 
chlorine storage installations is being 
prepared by a technical committee of 
The Chlorine Institute, Inc. Reference 
should be made to the specification 
when it becomes available. 

*Ed. Note: For more complete information, 
suggestions and recommendations pertain 
ing to the practibility of “Bulk-Storage of 
Liquid Chlorine” see the following articles 
“Stationary Bulk-Storage of Liquid Chlor 
ine” by A. S. Woodward and L. L. Hedge 
peth—W. & S. W., August 1953 
“Bulk-Storage of Liquid Chlorine at San 
Francisco Sewage Plants” by Ben. Benas, 
W. & S. W., October 1953 


SECURING CHLORINE 
IN CASE OF AN EMERGENCY 
OR CHLORINE SHORTAGE 


The procedure to be followed to 


secure chlorine in the case of an 
emergency will necessarily be depend- 
ent on the general type of emergency 
which occurs. For the purpose of 
suggesting a routine procedure to be 
followed, emergencies have been sep 
arated into two types or categories 
and a procedure applicable to each 
is suggested 

1. Difficulty in obtaining needed 
normal chlorine requirements from 


suppliers 


The user should make every reason 
able effort to obtain chlorine through 
ordinary channels. Three or more 
suppliers should be contacted and re 
quested to supply the requirements 
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In the event that there is advertise 
ment for bids and no hids are re 
ceived an inquiry as to why they have 
not submitted a bid should be made 
of the supplier or suppliers which 
have been filling the more recent 
orders. 


If the above efforts fail to obtain 
the necessary supply of chlorine, a 
request for assistance should he di 
rected to the State Department of 
Health. In turn the Department of 
Health should if necessary, communi 
cate the needs to the Surgeon General 
of the U.S. Public Health Service 
Washington, D.C, with a request for 
assistance. Information accompanying 
this request should include ; 

a: Purpose for which chlorine is used 

hb: Quantity used in the past year 

c: Estimated requirements during the 
next 12 months 

Quantity which it is desired to 
purchase immediately. 

The name of the firm or firms 
which have filled the more recent 
orders for chlorine 

A fair description of the efforts 
made to purchase chlorine, includ 
ing the name of the firms which 
have refused to accept orders and 
their reported reasons for not a 

cepting or filling orders, 


2. A catastrophe or emergency 
which results in immediate need of 
much larger quantities of chlorine 
than are on hand or immediately 
available 


Prior planning and preparation is 
essential to efficiently cope with an 
emergency which requires greater 
quantities of chlorine than are nor 
mally available. As a general rule the 
executives of the local utilities or 
installations which are large sanitation 
users of chlorine, such as water and 
sewage treatment plants, will be a part 
of the local Office of Civilian Defense 
organization. The responsibilities of 
these executives to provide safe water 
and waste treatment during an emer 
gency will include the responsibility 
of obtaining quantities of 
chlorine 


needed 


Local agencies should initiate and 
carry out the necessary planning to 
assure that needed chlorine can be 
obtained, The following are believed 
to be essential components of such 
planning by the utilities 


a: An estimate should be made of the 
possible situations or conditions 
requiring the use of appreciable 
amounts of chlorine and the maxi 
mum quantity that may be needed 
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\ list of nearby stocks of chlorine 
should be developed. This list 
should include all organizations 
which usually maintain a stock of 
chlorine on hand such as chlorine 
suppliers and repackagers, indus- 
trial users { chlorine, water 
plants, sewage plants, swimming 
Che list should contain 
the following information with re- 
spect to each of the above stocks. 
(1) Chlorine or chlorine com- 
pounds available ; (2) Size of con- 
tainers ; (3) Quantity normally on 
hand which could be available for 
use in emergency 


pools, et 


In addition to chlorine supply 
equivalent information relative to 
chlorinating equipment which 
might be available for use in any 
emergency should be obtained 
Swimming pools might be a par 
ticularly source of the 
maller sizes of chlorinating 
equipment as frequently the pools 
inoperative or could be 


good 


may be 

closed in an emergency 

The full report carries complete lists of 
all known producers and re-packagers of 
liquid and hypochlorites in the 
U. S. and Canada.) 


chlorine 


In the event an occurs 
the following general 


hould be as follows 


1) The and Health 
Departments should be immediately 
nformed and requested to supply 
is much needed assistance as pos 
ible 


) 


emergency 
procedure 


local State 


he supplies of chlorine and 
sufficient 
immediate needs should be 


chlorimating equipment 
the 
ined 


ted which can spare them at that 


Irom sources previously 
particular time 

4) As soon as the immediate exi 
the situation have been 
and estimates can be made of 


yencies of 
met 
the chlorine requirements for the 
duration of the emergency or for a 
reasonable portion ot the period 
which it } expected to exist. orders 
hould be placed with regular sup 

for 
the amounts required in excess of 
the loaned or obtained 
from other stocks plus that neces 
iry to replace that loaned, unless 


These orders should be 


pier 


quantities 


other arrangements have previously 


cen) 


ude for replac ement 


STANDBY EQUIPMENT 
FOR CHLORINATION 
juipment 
fields 
reasons 


chlorination ¢« 

sewage and 
ictated for v 
include, amone others 
the public health from 
micro 


ti I 
related 
wrious 
would 
nrotection of 
pathogeni 


transmission of 


W.&5.W Rererence & Datra— 1955 


organisms, prevention of unpleasant 
odors, reduction of oxygen-consuming 
potential, reduction of gross bacterial 
populations and chemical stabilization 
of certain products. The following 
recommendations concerning the pro- 
vision of standby equipment relate 
only to that use of chlorination in 
which the protection of the public 
health is the reason for chlorination. 

Standby equipment should be avail- 
able in any installation where chlor- 
ination is practiced for the protection 
of public health and welfare. This 
applies not only to water treatment 
plants (at which chlorination would 
be used for the protection of public 
health), but also to those sewage and 
industrial waste treatment installa- 
t.ons where chlorination of the effluent 
is demanded. Chlorination as used 
in sewage treatment for the protection 
of the health of the public might be 
directed toward the protection of a 
public water supply, of shellfish cul- 
ture areas, and of hathing beaches. 

In the small plant, whether it be 
water supply, sewage disposal or in- 
dustrial waste treatment, requiring 
only one chlorinator for normal op- 
eration, one additional chlorinator 
should be provided as a stand-by and 
for emergency situations. The size of 
the emergency unit should equal in ca 


pacity that of the basically required 


unit. In installations requiring two 
or more chlorinating units in oper 
ation, stand-by needs should be met 
by providing a duplicate of the largest 
unit of the group to provide one more 
unit than is required for normal maxi- 
mum demand. Consideration should 
be given in the original design to the 
desirability of using several small 
units providing flexibility not available 
with one or two large units 

Several general comments are made 
with regard to stand-by 
Of equal importance to provision of 
stand-by equipment is the regular 
frequent servicing of all chlorinating 
equipment. Any stand-by equipment 
should be kept in perfect running 





Safe Practices 
in Handling Chlorine 


of the 
mmittee which discusses 


The section of the Report 
Joint ( 
Safety in the Handling and Use of 
Chlorine is separately published in 
SECTION III of this 1955 RGD ur 
ler the title ‘Safe Practices in Ch! 


rine Handling 











equipment... 


order at all times. Borrowing of 
parts from stand-by equipment should 
not be permitted. A definite schedule 
of chlorinator use should include fre- 
quent routine operation of any stand- 
by equipment. Reliance on emergency 
equipment maintained by state health 
departments should not be considered 
as serving in lieu of stand-by equip- 
ment located at the installation itself. 
Possible availability of equipment 
from manufacturers should not be 
considered as meeting stand-by equip- 
ment needs. Knowledge of types of 
equipment used in nearby plants 
might prove of limited service at 
times when it might be possible to 
borrow a part of a chlorinating unit 
to replace a damaged or broken part. 


Considering power, many chlo 
rine feeders employed in the treatment 
of water supplies, sewage or industrial 
wastes are dependent on power to 
operate pumps or provide auxiliary 
water or air pressure used in connec- 
tion with the feeders. Where there is 
also need for power to produce the 
flow of water, sewage or industrial 
wastes that are to be treated, the 
power for the chlorine feeder may be 
derived from the same source; an in 
terruption of the flow is timed with 
the interruption of the chlorination 
However, where the flow of liquid 
to be treated is by gravity or where 
the source of power to produce the 
flow is from some other source than 
the source used to operate the chlo 
rinator, failure of the electric power 
or other power used to operate a chlo 
rinator may cause interruption of the 
chlorinee disinfection of the flow. A 
common practice is to install hydraulic 
pumps along with electric power to 
operate chlorinators, with the hy 
draulic pumps cutting in automatically 
when electric power is interrupted. 


In the air-operated chlorinators, air 
is usually provided by small, elec- 
trically operated compressors. Inter 
ruption of the flow of compressed air 
through power failure will shut down 
the chlorinators. To prevent such in- 
terruption of chlorination, an auxil 
iary source of compressed air is re 
quired. This may be provided by a 
gasoline engine driven auxiliary com 
pressor or by a reserve supply of 
cvlinders of inert gas such as carbon 
dioxide. A minimum of two cylinders 
of carbon dioxide in service at the 
same time on each chlorinator is re 
quired to operate one chlorinator for 
a minimum of 10 hours. The use of 
high pressure carbon dioxide presents 
an operational hazard. Such an instal 
lation should be made and operated 
only in accordance with the recom 
mendations of the chlorinator manu 
facturer 





Checking Chart 
For Dry Chemical Feed Machines 


By A. A. HIRSCH 


State Department of Educati: 
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GALLONS PER MINUTE 
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4 67. p63 2 
MILLION’ GALLONS PER DAY 


The chart shown herewith offers a convenient means to check on the 
delivery of dry feed machines when the pumpage rate and the desired 
dosage is known. Rate of feed is expressed in grams per minute to enable 
weighing a timed discharge to check the feeder setting, and in pounds per 
hour to figure quickly the quantity needed in the hopper for each expected 
hour of operation. Chlorine dosage may be read knowing the change in 
platform scale readings per hour and the flow 

Parallel seales along each axis allow rapid conversion from one system 
of expression to another. On the vertical axis grains per galion, parts per 
million and pounds per million gallons are quickly related by scanning 
directly across the scales. Gallons per minute and million gallons per day 
are similarly converted along the horizontal scale. In the plot grams per 
minute and pounds per hour are interchangeable across the diagonal scales 
Pounds per hour is more logical from an operator's viewpoint than pounds 
per day. Many smal! plants operate only part of a day, or have a limited 
number of pumping steps, in which case pounds per day is merely a book 
keeping quantity 


A wide range in coverage is provided by the logarithmic divisions. High 
values not included on the chart may be read by using a tenth or hundredth 
of the quantity and applying the corresponding multiplier to the reading 

Example. How many grams per minute must be discharged from a dry 
feeder to give a 2 grain per gallon dosage while operating a 300 gallon per 
minute system 7? 

Solution. Find the point where the 2 grain per gallon line and the 300 
gallon per minute vertical intersect. This point lies between the 35 and 40 
gram per minute diagonals at about 38 grams per minute. By projecting 
this value across the diagonal scales the hourly chemical consumption of 
5.0 pounds is read 

When the answer falls in the area occupied by pounds per hour diagonals 
readings are converted to grams per minute by projecting in the same 
manner across the oblique scale 

When a metric scale is unavailable grams per minute may be obtained 
directly by catching the dry feeder discharge for 170 seconds and multi 
plying the weight in ounces by 10 
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You can depend on Omega for “the last 


word in feeders” 
chemical feeding problem . . 





. and the answer to your 


. always! 





GRAVIMETRIC CHEMICAL FEEDERS 














3, 


BELT TYPE 
Three models for feeding materials by 
weight continuously on short conveyor belt 
carried on sensitive scales. High accuracy — 
wide range — from a few cu. ins./min. to 


100,000 Ibs./hr. Bulletins 35-311, H5. 


C 


LOSS-IN-WEIGHT TYPE 


Finest weighing type feeders for super- 
accurate chemical feeding. Adjustable in 
pounds per hour over 100 to | range. Three 
models (maximums of 100, 1000, and 4000 
Ibs./hr.). Bulletins 30-12, K4. 


BUCKET ELEVATOR 
Ideal for use where large hopper capacity 
is required and the hopper must be loaded 
from the same elevation as the feeder. 
Send for bulletin which shows diogram of 
a complete installation with accessories. 
Bulletin 77-37. 





VOLUMETRIC CHEMICAL FEEDERS 














UNIVERSAL FEEDERS 
Handles dry material dependably and 
accurately . whether lumps or fine 
powder, light or heavy. Lorge throat open- 
ings, effective agitation at the outlet zone 
40 to | range. Furnished in 3 sizes. Bulletin 
20.20 


VOLUMETRIC FLUORIDIZER 
Model 50 Fivoridizer provides highly ac- 
curate, wide range fivoridation at a cost 
within the means of small plant budgets. 
Rugged — compact — low filling height — 
dustiess loading. Bulletin 50-K3. 


ROTOLOCK FEEDERS 
Non-flooding, especially suitable for 
feeding fine, dry materials. Omega vari- 
able speed transmission permits infinite ad- 
justment over 100 to | range. Three styles 
of rotors. Bulletin 45.20. 








—_— 


LIME SLAKERS 





Continuous operation . . . avail- 


able with 


capacities from 50 


Ibs./hr. to 10,000 Ibs./hr. Rapid, 


thorough slaking 


maintains 


high slaking temperature. Fur- 
nished with Gravimetric or Volu- 
metric Feeders. Bulletin 40.20. 


——————— 


COLUTION FEEDERS 











Rotodip Feeders for feeding and 
metering low viscosity liquids and 
suspensions by volume. 100 to 1 
range. Capacities to 800 GPH 
(special models for higher rates). 





— >, —— 


— 


Write for Bulletins on individual products, or comprehensive Bulletin B-I-F 3 


also Bulletin 10-K12 “Chemicals Used in Water & Sewage Treatment”. 


Omega Machine Co., 376 Harris Ave., Providence 1, R. | 


OMEGA vows FEEDERS 


DIVISION OF 


BUILOERS tRON bal Sg Ml 
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Chemical Feeder Puzzlers 


‘Believe-it-or-not’’ experiences with chemical feeder operation 


RUTH is stranger than fiction, and 
a number of unusual experiences 
with regard to chemical feeders seems 
to emphasize the validity of the state 
ment. If these occurrences had not 
happened at installations of Omega 
Machine Co. chemical feeders, | 
wouldn't have believed them, myself 
| can however, vouch for the authen 
ticity of these experiences from my 
own files 


Where Does The Air Go? 


In a rather large metropolitan city, 
a Loss-In-Weight type Gravimetric 
l‘eeder had been installed underneath 
a large storage bin. The feeder hop 
per was filled periodically by opening 
a bin gate between the overhead stor 


vent 


age bin and the feeder hopper. For 
this arrangement, a diam 


4-in 

is placed on top of the feeder hoppe: 
so that the displaced air can be ex 
hausted. Our drawings showed a 4-in 
duct connected to this sleeve and run 
up through the floor into the 
storage bin Chis connection was to 
he made by the purchaser. The floor 
above, however, happened to be very 
thick with reinforcing 
steel in it 

The utility’s maintenance: 
making the installation, apparent! 
thought there was an easie1 
vent the feeder hopper. They installed 
ran the 


above 


considerable 
crew, in 
way to 
an elbow on the sleeve and 


exhaust duct 
dissolving chamber on the assumption 


down into the feeder 
that this would be a good way to get 
rid of the dust by exhausting it down 
into the water in the dissolving cham 
ber 


Soon installation 


after the 
made, there seemed to be considerable 


dissolving 


was 
splashing of water in th 
and an unsicthth 
interior of the 


chamber caking of 
the chenrical on the 
feeder housing. In this case, a thor 
oughly maintenance crew 
overlooked the fact that displac ed ait 


in the hopper would seek the highest 


competent 


point in which to exhaust itself 


Our serviceman took one look 


Ed. Note: This article is based on a talk 
en by the author before the New England 


iter Works Asst 


by R. J. LEVEQUE 


Sales Manager, Omego Machine Co., Providence, R. | 


that elbow and surmised that air col 
lecting at that point was building up 
a pressure which, when it became 
great enough, exploded and blew 
downward with enough force to 
cause splashing of the water. In order 
to avoid a long extension of dust duct 
up through the thick and heavily re 
inforced floor, the elbow was re 
moved and to the duct 
a spring-suspended, cloth, filter bag 
as used in dust collector units. There 
after when the feeder hopper was 
filled from the storage bin, the dis 
placed air and dust blew straight up 
ward into the bag. The air filtered 
out through the bag while the dust 
was retained and dropped back down 
into the hopper when the loading pro 
cedure was finished 


More Air 


Another “air” 
in a city in Missouri 


was attached 


experience happened 
The installation 
was an alum and lime feeder and al 
though our drawing had 
open T on the discharge line just out 
the dissolver, they had con 


shown an 


side of 
nected a 1'4-in. discharge hose di 
rectly to the dissolver outlet. There 
was only about a 4-foot drop to the 
point of application, but the end of 
the hose submerged below the 
water level. A few days after the 
feeder was put into operation, they 
called for a serviceman and stated 
that the alum solution was apparently 
clogging up the hose. After watching 
the machine operate for a short period 
of time, it seemed quite obvious that 


was 


there was air binding in the discharge 
line 

We mentioned this to the superin 
tendent, but he was thoroughly con 
vinced in his own mind that this 
could not be the problem. He said he 
could not understand how it was pos 
sible for a few bubbles of air to resist 
the 4-foot head from the dissolver 
\fter assuring him that if our remedy 
did not solve the problem, we would 
give him a new of hose, li 
allowed our man to take a pocket 
knife and make a hole about '%-in 
in diameter in the top of the hose just 
dissolver 


piece ec 


where it connected to the 


\s soon as the hose was punctured, 
there was a slight gush of air and 
from then on the solution began to 
readily out of the dissolvet 


flow 


Wrong Meter 


\nother experience, in a 
city, involved a Fluoridizer 
tion which was engineered to operate 
by proportional control. Specifica 
tions called for the flow to be meas 
ured through a 14-in. orifice plate, 
signals to be electrically transmitted 
through a Chronoflo Transmitter and 
Chart After the installa 
tion had been made, the utility com 
plained that there was a marked dis 
crepancy between the readings on the 
Chronoflo Meter and thei 
existing master meter. The Chrono 
flo readings followed the master me 
ter readings up to 3 mgd 
that point, the Chronoflo 
much as 1 med lower than the maste1 


southern 
installa 


Recorder 


Builders 


Beyond 
read as 


meter 

It is sometimes difficult to diagnose 
troubles when the patient is 600 miles 
trom the doctor, therefore, we 
1 man to investigate. He found, 
much to his surprise, that instead of 
installing the orifice plate to measure 
the flow, they had made a last minute 
decision to tap their 
Venturi tube on their main discharge 
line from the plant. The 
range through that 14-in. x &-in. tule 
with their master meter was 0.291 to 
5.82 mgd, but the design of the pro 
portional control 


away 
sent 


onto existing 


maximun 


was based on an 
orifice plate using a Builders Chrono 
flo with R2 to 

2 mgd utilizing 240-in. of 
differential. The remedy, of course, 
was to provide the necessary parts to 


a measuring range ot 


wate! 


utilize the Venturi metet 


What—No Broom? 
These 
vithout their humorous side 
in Ohio 
metrn 


not entirel 
\ cit 


(sravi 


experiences are 
has several Omega 
one of which is 
equipped with a rubber-bladed rotor 
material 
\ call fron 
that the 
mechanism was not operating proper 


Feeders, 


to prevent flooding of the 
through the mechanism 


the operator said rotor 
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ial was flooding. It was 
something had become 

e feeding throat and was 
ending the rotor blades, 
ng the seal and permitting 
flood We in 

erator to remove the 
inism after the hopper was 
ind to back the 
might advise 
needed. We 


prepared to send a 


throug! 
€ Of 
, 
report 

that we 
remedy was 
urse 
if the operator could not 
oroblem 


later, a letter from this 
ndent, read in part, as fol 


interest 
ition and have come to the 
that your feeders positive 
broom handles.’ 


t made a very 


feed 


the hopper, one of the 
id used a long pole to 

he material in the hopper 
iy from him 


‘Tain't Funny, McGee! 


Someone once asked an equipment 
they couldn't build 


The 


manufacturer why 
at was foolproof 
replied, “It can’t be 
too ingenious.” That 
intended to 


equipment ti 
manutacture 
done: toc ire 
quip, Of course, 1s not 
reflect i" 
ability 


inv way on the integrity or 
iter plant operators 


Lhe ft 
in a water treatment plant of a large 
industrial concern They reported 
that an Omega belt feeder 
iccurately \ 
neer was sent to check the installation 
He observed the 


and the ile 


wing experience happened 


was not 


feeding service eng! 


feedet in operation 


beam seemed to he 


ensitive enough and apparently act 


ing under normal conditions. Gravi 


metri ! ire so constructed that 


if for any reason chemical feeding 


hecome erratic or imaccurate, the 
cale | vill immediately go out ot 
balance and 


neratotr 


an alarm bell will ring to 


ce nan was b 


irently nothing seemed to 


but he made a complet 


leaving and quite by 
d up into the feedet 
that the scale 


| witl 


tore 


vered 


cleverly tre i 


vhich would permit t 


1! 


illate, but not enough to 


I aliance 


d only assume that since 


nee operator was on the 
night sh 
hell disturbed his 


resente 


ift the 


ringing of the alarm 
leep and that he 
| having to get up in the night 
1955 
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to remedy the trouble or to fill the 
hopper. They say that lazy people 
always make the best inventors and 
ou can take it from me that this 
fellow really did a job on that scale 
His work was a masterpiece of 
P.S. “Willie doesn't 
there any more.” 


Dean 
concealment 


vork 


And The Wind Blew 


he most baffling experience hap 
pened on a Gravimetric Feeder in 
tallation in upper New York State 
[he superintendent wrote that the 
feeder would not operate properly 
ind that the sentinel alarm rang con 
tinuously no matter what they tried 
to do in the way of adjustment. He 
aid the ringing of the alarm could 
not be stopped without shutting down 
the feeder 

\ service man was dispatched to 
perform the usual close checks, but he 
could find nothing wrong. The hop 
per filled with material and the 
feeder started. It ran continually un 
til it had fed all but a pound and a 
half of the chemical. During this 
entire period, the machine functioned 
normally and the scale beam stayed in 
balance The Superintendent was 
exasperated. He that the 
trouble was probably due to the fact 
that his six operators had six different 
versions of how this feeder should be 
run, and apparently got so mixed up 
with their own method of trying to 
run it that not one of them could run 
it correctly for any length of time 
After this demonstration, he was 
satisfied that there was nothing wrong 
with the feeder 

Two days later a telephone call 
from a very indignant superintendent 
said to “get up here at once or else.” 
When the arrived, the 
feeder was operating normally again 
More perplexed than 
cided to take a walk around the plant 
to do a little deep thinking. His walk 
took him upstairs to the chemical 
storage room and naturally 
inspected the discharge 
from the dust 
outside of the 
equipped with 


was 


guessed 


serviceman 


ever he de 


being 
cur1ous he 
duct 
collector 
building 


extended 
unit to the 
Chis line was 


whi h 


1 damper and our serviceman started 
fiddling with this damper to see 1f it 
vas working freely. He left the 
damper open for about a minute, and, 
lo and behold 


downstairs started ringing like 


the alarm bells on the 


‘ 


No, this just can’t be,”” he said to 
himself, but there it Outside, 
rather strong wind was blowing in the 
dust duct The 
ie wind blowing back 


was 


direction of the 


velocity of tl 


through the dust duct great 
enough to upset the balance of the 
delicate scale mechanism, causing the 
alarm to sound. Then the superin 
tendent and operators recalled that 
on the days when the feeder gave 
trouble, the wind was blowing sharp 
ly. As a check the damper on the 
exhaust duct was closed, the feeder 
scale beam went into balance and the 
alarm bell stopped ringing. By way 
of a permanent remedy, the damper 
was removed from the exhaust duct 
and an elbow pointing downward in- 
stalled outside the building 


was 


Tattle Tale 


An Ilhnois plant Superintendent 
reported that chart recorders on the 
chemical feeders presented damaging 
evidence against an operator who was 
not handling his job properly. It 
seems that this operator was sched- 
uled to fill the feeder hopper every 
morning at 7 o'clock. He would lock 
the scale beam on the Loss-In-Weight 
Gravimetric Feeder, to keep it steady 
while filling. After moving the bal- 
ance poise out to the end of the 500- 
pound capacity scale beam, he would 
go upstairs and fill the hopper. 


The operator knew that the Super- 
intendent was not in the habit of 
arriving at the plant until about 8 
o'clock, so at about ten minutes to 
eight, the operator would come down- 
stairs, unlock the beam, and 
balance out the poise on the scale 
beam. The scale beam capacity was 
500 pounds, but apparently the oper- 
ator had dumped only about 440 
pounds in the hopper. Since the rate 
of feed was set to deliver 37.5 pounds 
per hour, 30 pounds were delivered 
in this 50 minute period, leaving 410 
pounds in the hopper. So at 7:50 
\.M. when the operator came down 
stairs and balanced the beam, 
the poise was moved back to 410 
pounds. Since the poise had previ 
ously been moved out to the 500 
pound mark on the scale beam, this 
showed on the recorded chart sup 
posedly as the amount he had dumped 
into the hopper to begin the shift’s 
run. Substracting 410 from 500 gave 
90 pounds as fed during this 50-min 


scale 


SC ale 


period 


moving of the 
registers a corresponding distance on 
the chart recorder, representing 
pounds fed, the error showed up glar- 
ingly and forced the operator to give 
an account of what he 
between 7 o'clock in the morning and 
ten minutes to eight. All denials of 
misdeeds by that operator were to no 


Since counterpoise 


was doing 


ivail 





lt Can't Happen Here 
During World War II a hurry-up 


call came from an Ordnance Plant in 
lowa. Omega and slakers 
were being used to feed quicklime to 
soften the extremely hard water 
found in the gravel beds of Central 
Every day or two, the lime 
because of 


feeders 


lowa 
slaker clogged up car 
bonate plating out on the sides of the 
slaker and on the impeller. The high 
speed impellers turning at about 800 
rpm were so caked up with material 
that they looked like large coconuts 
The 1-3/16-in. diameter tapered 
shafts on the mixers looked like base- 
ball bats Such an occurrence 
simply unheard of 

The 


the water 


was 


first check was to ascertain if 
temperature high 
enough to insure efficient com 
plete slaking. It was — 
med they were using a water 
to-lime 4 or 5 to 1 in order 
to obtain the high operating tempera 
This was not the case. They 
had a large supply of warm water 
available from a heat exchanger and 
all of this water was being diverted 
into the slaker. Instead of a 4 to 1 
water-to-lime ratio, they were using 
a ratio of about 14 to 1, and softening 
was taking place in the slaker, and 
the caused by the high 
speed mixers, calcium carbonate was 
plating out. The remedy was to re 
duce the water supply to the slaker to 
a 6 to 1 water-to-chemical ratio 


was 
and 

so it 
Was assu 
ratio of 


tures 


velocities 


alx ut 


Reverse Safety 


At another 
afraid to 


plant, the operators 
yperate the slaker at 
temperatures, although high 
slaking is proper and 
more economical. The temperatures 
never should be permitted to fall be 
low 160°F. To prove that there is 
no danger in operating slakers at this 
temperature, servicemen start up 
slakers, at temperatures up to 190° 
and 200° F 
Nevertheless, in this plant, althoug! 
the day shift operated slakers at 150 
to 160°F., the night shift, wanting to 
play safe, opened up the water valve 
temperatures drop to 100 
Operating at these ex 
tremely | temperatures resulted in 
considerable unslaked lime 
On one occasion, this un 
built up in a 
line so that finally 
harge line, (built large to 
ge) completely filled up 
and the slaker started to overflow 
The operator, noting the difficulty, 
picked up a piece of reinforcing bar, 


I 
whicl had previously 


were 
high 
temperature 


, : 
ind let the 


to 110°F 


leaving 
the slake: 
slaked ] rrve 


6-in. discl 


gradually 
arge 
the dis 
avoid st ppa 
1 


' 


been used to 


rod out the discharge line whenever 
it showed signs of plugging up. This 
time, however, the moment he tapped 
the plug in the discharge line, it blew 
up in his face and caused severe 
burns 

What happened? Large 
particles of unslaked lime had settled 
in the discharge pipe, continued to 
slake and as they slaked, more heat 
was evolved so that neighboring par- 
ticles of lime which only needed heat 
to make them slake properly, also 
started to slake. When all the avail- 
able water in the pipe was used up, 
steam began to form and the operator 
happened along just at a time when 
the pressure built up in that pipe was 
extremely great. The moment he 
made a hole in the plug of lime, the 
steam rushed upward like a geyser 


Some Things Don't Mix 


At one installation, chemicals are 
hauled from a freight siding some 
distance away by truck into the plant 
and an inclined screw conveyor 1s 
used to elevate quicklime and ferrous 
sulphate (copperas) into overhead 
storage bins. The same screw was 
used for both chemicals and proper 
gates opened to allow the right chemi 
cal to go into the right bin. A small 
leak developed at one of the connec 
tions to the screw so that a thin 
stream of chemical sifted down onto 
a boardwalk below the conveyor dur 
ing the loading operation. 

In one instance, both copperas and 
quicklime were loaded the same day 
Sometime near the end of the filling 
operation, it was noted that the boards 
below the conveyor were burning 
merrily. 

What had happened ? The 
lime had absorbed some of the water 
of crystallization in the copperas 
causing it to slake. As it slaked, the 
temperature rose, increasing the speed 
of the reaction. Soon, the small mass 
of mixed quicklime and _ ferrous 
sulphate reached combustion tempera 
ture and the broke into 
flames. 

There have been 
of fires or charring of filter bags in 
vacuum type unloading systems where 
the same system is used for ferrous 
sulphate and quicklime 

In another instance, the same con 
veyor system was used to elevate alum 
and quicklime to steel storage bin 
The alum bin and the quicklime bin 
were adjacent and the operator 
manipulated valves in order to direct 
the chemicals into the proper bin 
With such installations, it is inevitable 
that mistakes are bound to occur and 
in this case, our engineers warned 
what might happen. In the interests 


boards 


similar instances 


R-93 


of economy, however, a single ele 
vator was installed. 


The inevitable happened when, 
within a few months, alum was 
dumped into the quicklime bin. The 
bin began to heat up, paint began to 
smoke and peel off of the steel bin 
and the fire department was called 
They very wisely decided against put 
ting water into the bin which could 
very well have caused the quicklime 
to explode. Presumably the firemen 
played water on the outside of the 
bin to keep the temperature down as 
much as possible to prevent the bin 
and steel supporting members from 
buckling, but the final “melt’’ had to 
be dug out of the bin by men with 
picks and axes 


Wrong Way Corrigan 


In a large industrial waste treat 
ment plant in Michigan, the equip 
ment was installed by the contractor 
and merely had to be checked and 
given a final inspection by the service 
men of the various equipment manu 
facturers. The plant superintendent 
confidently set a date for starting up 
with the hope that all they would 
have to do would be to go around and 
push buttons and the plant would 
start to function. There were several 
chemical feeders and a couple of lime 
slakers so that probably a dozen 
motors were involved insofar as 
Omega equipment concerned 
Our serviceman arrived early in the 
morning and when he started up the 
machines, he found four motors run 
ning backwards. This represented 
one third of the motors on the Omega 
equipment turning in the wrong di 
rection. This seemed a rather high 
percentage and after reversing the 
leads on these four motors to make 
them run properly, he called the 
Superintendent's attention to the fact 
Together they found a centrifugal 
pump and a exhaust fan also run 
ning backward 

The Superintendent decided to 
postpone starting the plant for an 
other day so that he could 
complete inspection of all 
‘Believe it or not,” in this plant they 
found a total of 29 motors turning in 
the wrong direction 


was 


make a 
motors 


If these incidents have any moral, 
I believe it is that servicemen 
out by equipment manufacturers can 
be most helpful, not only because of 
their familiarity with the 
equipment involved of their 
manufacture, but 
background, general knowledge and 
experience gained from the sort of 


sent 


specific 
own 


because of their 


ituations outlined in this paper 
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m= GENERAL CHEMICAL’S 


a Aa Aa 
<’ “ALUM 


... Equally Efficient for Coagulation of” 
WATER. and SEWAGE / 


FOR WATER WORKS FOR SEWAGE PLANTS 


J. Produces crystal clear water 1]. Clean, easy to handle. 
2. Dry feeds well or dissolves readily for solution 


2. Gives better floc formation 
feeding. 


3. Promotes better settling and longer filter runs 3. Simple application. Requires only low cost 
feeding apparatus and minimum attention. 

4. Aids in reduction of tastes and odors : ; 

4, Clear, colorless effluents are possible 

5. Has no chlorine demand 5. Sludge digests readily 


6. Is a low cost coagulant 6. Treated digested sludge dries quickly with 
? minimum of odor 
Superior in tests against other coagulants . , , : 
o Saye B ' oe Chlorine consumption is cut due to lower 
demand of clarified sewage. 


8. Economical to use. 


8. High in quality. Its constant uniformity can be 
depended upon 


Other General Chemical Products for 
Treatment of Water & Sewage 


o_o oe oe om om © oo of = == = == FG 


r 
| For FLUORIDATION | 
| SODIUM FLUORIDE | 
SODIUM SILICOFLUORIDE 
! HYDROFLUORIC ACID l 
t 


ame as a we oe ow ow ow oe oe a dd 


COAGULATION BOILER WATER 
Ammonium Alum Sodium Sulfate, Anhy 
Potassium (Potash) Alum Disodium Phosphate, Anhy 


SOCEM SENG Trisodium Phosphate CORROSION FOR OTHER USES: 


Tetrasodium Pyrophosphate 
DECHLORINATION Sodium Silicate CONTROL Glauber’s Salt, Crystal 


Sulfuric Acid Sodium Silicate Aqua Ammonia 


Sodium Tripolyphosphate Hydrochloric Acid 
(Muriatic 


Sodium Sulfite 
Sodium Bisulfite, Anhy 
Sodium Thiosulfate 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 


Offices Albany * Atlanta * Baltimore * Birmingham * Boston * Bridgeport * Buffalo * Charlotte * Chicago 

Cleveland * Denver * Detroit * Greenville (Miss.) * Houston * Jacksonville * Kalamazoo * Los Angeles 

Minneapolis * New York * Philadelphia * Pittsburgh * Providence * San Francisco * Seattle * St. Louis 
Yakima (Wash.) * In Wisconsin: General Chemical Company, Inc., Milwaukee 


in Canada: The Nichols Chemical Company, Limited * Montreal * Toronto * Vancouver 
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COAGULATION AND SEDIMENTATION 


§ bea PRESENCE of turbidity, 
suspended matter, bacteria or other 
organisms in water makes it unfit for 
domestic uses. Removal of the unde 
sirable constituents is one of the pur 
poses of water treatment plant. In 
sewage treatment the removal of sus 
pended matter is essential to reduce 
the nuisance characteristics of the 
sewage. The unit processes which re 


move these undesirable substances 
from liquids are coagulation and sedi 
In most water works, co 
and sedimentation go to 
gether. In works, sedimenta 
tion without coagulation is the usual 


il treat 


mentation 
agulation 
sewage 


practice, except where chen 
ment is used 


Definitions 


Coagulation is the addition of a 
water of! 
vhereby it with other 
cals in or added to the liquid, The 
nature will 
‘sweep out’ settleable, 
and colloidal matter in 


chemical to wastewater, 


reacts chemi 
result is floc, which, by 
enmesh and 
non-settleable 
he liquid 
The chemicals used, called coagu 
lants. must be carefully added in cor 
rect amounts; this is known as dos 
ng. After addition of the coagulant, 
t must and quickly 
dispersed throughout the liquid be 
ing treated: this is known as 
stirring de 
dispersion of the 


be thoroughly 


mixing 
ind is accomplished by 
vices Following 
coagulant, the liquid is slowly stirred 
vhile the flocs grow in size and pick 
up impurities; this is called floccula 
hion 

Sedimentation is the process by 
vhich the influence of gravity causes 
particles of suspended matter, and 
settle out of slowly 
liquid. The 


movement of the liquid must be slow 


Hocs to moving 


or quiescent rate of 
enough to prevent the settled matter 
from being picked-up or resuspended 
action. Sedimentation 1s 


( alled 


generally 


scouring 
clarification, but 
refers to the 


ometimes 

clarification 

combination of coagulation and sedi 
entation when both are « mplo ed 


Coagulation 


+1 | 
heor control and 


The function 


operation of the coagulation process 
and sewage 


choice of 


same for water 
treatment and the 
lants may be the same, although some 
water and plant 
have preferences in coagulants 

Most popular coagulating 
are the salts of aluminum and iron 
\luminum sulfate, generally called 
“filter alum”, is generally used for 
water treatment. Ferric sulfate has 
been used for both water and sewage 
treatment. Ferrous sulfate (Cop 
can be used in water treat 
with lime; it is not used in 
treatment, Chlorinated Cop 
peras is a nmuxture of ferric sulfate 
and ferric chloride produced by the 
addition of chlorine to ferrous sulfate 


is the 
coagu 


sewage operators 


agents 


peras ) 
ment 


sewage 


on the site. Ferric chloride is used as 
a coagulant in the dewatering of sew 
age sludge for vacuum filtration 
\luminum chloride has been used for 
sludge dewatering where it ts avail 
ible as a waste material, 

As aids to coagulation, other chem 
added. One of 


is activated 


icals are sometimes 


the most effective silica, 
sodium 


such 


produced at the site from 


silicate and an activatn 
as chlorine, alum, 


sulfuric acid, ete 


ig agent 


carbon dioxide, 


Factors which influence the 
lation of turbid and 
includes: kind and quantity of coag 
ulant, amount and character of sus 
pended and colloidal matter, pH of 
water, and flocculation 
liquid temperature, violence of agi 
f muc lei, etc 


coagu 


colored waters 


mixing time, 


tation, 


rhe 


amount of 


presence ol! 
application ot the correct 
coagulating chemical is 
feed 


controlled 


done by chemical machines, 
manually 


flow 


which may be 


iutomatically or paced by the 
of liquid. Determination of the prop 
er chemical dosage is done by coagu 
tests called 


lation control commonly 


jar tests 


Sedimentation 


rhe sedimentation, is 
that under the gravit 
particles heavier than water tend to 


theory of 
influence of 


settle downward at a rate which de 


pends on their size, weight, shape 


and on the resistance or Viscosity 


<< 


of the liquid 


lhe purpose ol 
tanks is to remove as many settleable 


sedimentation 


particles as is possible in the time 
available. To accomplish this, tanks 
are designed to produce the lowest 
possible rate of flow through the tank 
during the period of sedimentation 
The shape of the tank may be cit 
cular or rectangular and depths may 
according to designers’ pref 
Rate of flow through the 
the overflow rate, 


vary 
erences 
tank, or 
on the size of the particle to be re 
moved in the time allotted 


is based 


Some tanks, particularly for use 
softening, called upflow 
clarifiers, utilize up-flow, 
usually through a sludge blanket at 
the bottom, These tanks combine the 
coagulation, flocculation 
and sedimentation all in one unit 


im =6water 
vertical 


process of 

\ccording to the theory of sedi 
mentation, a particle settles accord 
ing to its size and gravity 
That fact can be made us of by con 
so that 
heavy sand, grit, 
etc., will settle out while lighter or 


specihic 


trolling the velocity of flow 
particles, such as 


ganic particles will be carried on to 
be removed later in 
tanks. The design of grit chambers 
is based on this principle of differen 


sedimentation 


tial sedimentation 


Sludge Removal 


Wherever 
the mass of 
sludge. Sludge, 
(coagulation, water 


there is sedimentation 
solids removed is called 


kind 


raw 


whatever the 
softening, 
sewage) must 


sewage, or activated 


from the sedimentation 
lo accomplish this removal! 


and 


be removed 
tank 5 
water 


many modern 


plants use continuous sludge removal 


sewage 


by scrapers These scrapers operat 


continuously or on a timed cycle to 


the sludge to a single sump 


nwve 


from which it can be pumped to a 
The design of 
related to 
sedimentation tank 
the Imhoff 
and the 


hydraulx 


ludge disposal point 


ludge scrapers is directly 


the shay of the 
Some sedimentation tanks, 


tank for sewage treatment, 


upflow clarifiers utilize 


transmission of sludge from sludge 


torayge hoppers to pomt of di po il 
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/s Best Lamed a" . 
) By a Superior COAGULANT:=. ing Flor | 


Whatever your specific water treatment problem 


may be, you can figure on Ferri-Floc to do the 


job adequately and efficiently. A partially hydrated 


ferric sulphate, Ferri-Floc is a stable, free flowing, 


granular salt which can be fed with few 


modifications through any standard dry feed 


equipment. it is only mildly hygroscopic, thereby 


permitting easy and safe handling as well as 


storage in closed hoppers over jong periods of time. 


Weter Treatment 

Ferri-Flec coagulates surface or well 
waters, and it aids taste and odor con- 
trol, Wt is effective in lime sodeo-ash 
softening, and is adaptable to treat- 
ment of practically all industrial water 


or wastes 


COPPER SULPHATE wil! 
contro! about 90% of the 
microorganisms normally 
encountered in water 
treatment plants more 
economically than any 


other chemical 


Free Literature! 
Seomples, Specifications 
and Detailed Information 


R. 


>) 
“ 


Sewage Treatment 

Ferri-Floc coagulates waters and wastes 
over wide pH ranges. It provides effi- 
cient operation regardless of rapid 
variations of raw sewage, and is effec- 
tive for conditioning sludge prior to 
vacuum filtration or drying on sand 
beds 


SULPHUR-DIOXIDE is 
effectively used for de 

—_~ ) chlorination in water 
S(): ™ treatment and to remove 
‘ 2 objectionable odors re 
maining after purification. 


TENNESSEE 
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Rapid FlociFormation. 
PH correction. 

Taste and ®dor control. 
Color re al. 
Softening, 
Ease of c ation. 
Bacterial oval. 


and 


Mangane $ 
removal. 


Siliew 
Turbidity re 


Economy. - 


moval. 
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Coagulation Control Tests’ 


ABORATORY control is 

Sary to prope! coagulation treat 
ments, (1) plants which 
employ coagulation usually treat sur 
face waters subject to wide variations 
in characteristics, and (2) the 
and most treatment of 
such waters cannot be calculated, but 


neces 


becau se 


best 
economical 


must be determined at frequent inter 
vals by coagulation control tests. Com 
monly called a “jar test,” this is a 
method for determining the optimum 
or best dosage of a coagulant 


NEED FOR LABORATORY STIRRER 


[he quick addition of coagulant 
solutions to samples of the water is a 
very important part of the test 
Equally important, is the rapid mix 
ing to disperse the chemicals in the 
water, followed by a slow mixing ac 
tion to effect coagulation and floccula 
tion. 

Hand stirring of the samples can 
not give the same effect in each sam 
ple, or in different tests ; neither does 
it reproduce the action of coagulant 
mixing and flocculation in the plant 
a multiple laboratory stirret 
{ Fig 1) makes it possible to (1) de 


| se of 


termine the optimum dosage from one 
test, (2) duplicate conditions or pre 


vious tests, and (3) simulate mixing 
conditions in the plant 
Square Mason jars of 
mately 2 qt Capacity should be used, 
or 2000 ml battery 
jars provide better 
than round 


approx! 
jars or beakers 
“Square mixing 
characteristics jars o1 


heaker S 


PREPARATION OF STOCK SOLUTIONS 


The common coagulants used are 
sulfate, sodium alu 
chloride, and the 
common coagulant aids include lime, 


filter alum, ferri 
minate, or ferri 
soda ash. activated silica and Bento 
nite 

Che first step in the 
to prepare chemical 
Modern techniques express chemical 
dosages in “parts per million” (ppm) 


procedure 1s 


stock solutions 


but many operators still use 
(gpg), while others re 


dosages in “lb per 


‘grains 
per gallon” 
port coagulation 
mil gal.” Whatever unit of dosage is 
used, the stock chemical reagent solu 
tion should be made in a concentra 
1 ml of solution in 1000 
ml of water, will be equivalent to a 


tion, whereby 


unit of dosage 


* Reprinted from Keep Sheet No 
I-F Industries, Inc. by 


permis 


JAR TEST PROCEDURES 


TABLE 1 
Reagent Stock Solutions 





Wt. of Chemical 
grams /liter 


Dosage Valve 
of 1 mi/ 1000 mi 
10 10 ppm 


17.1 | gpg 
5.975 50 Ib/mil gal 





lable 1 gives the weight of chemi 
cal to add to a liter of distilled water 
in order that 1 ml of solution added 
to 1000 ml of water will equal a dos 
age of a definite number of units. The 
chemical reagent solutions should be 
made from samples of the chemicals 
used in treatment, not from laboratory 
reagents. 

Conversion factors to change one 
system of reporting dosages to an 
other is shown in Table 2 


TABLE 2 
Conversion Factors for Calculating 
Dosages 





Units ppm gpg Ib /mil gal 


Parts per million 1.0 0.058 8.34 
its 1S 143 
Pounds per mil gal 0.12 0.007 1.0 


Grains per gallon 





lo avoid an appreciable change in 
volume of sample when the coagulant 
is added to the sample in the jar, the 
stock solutions are generally made in 
the concentrations shown in Table 1, 
but other concentrations may be used 

NOTE: (1) When is added 
io water, a suspen 
sion is produced 
\gitate this suspen 
and mix thor 
oughly before any 
amount is withdrawn 
for treating the water 
sample. (2) Weak 
solution of alum can 
be stored satisfacto 
rily, but ferric sul 
fate solutions hydro 
lyze rapidly. To 
avoid deterioration 
of ferric sulfate rea 
gent solutions, the 
following technique of preparation is 
used: Add 1500 grams of ferri: 
sulfate (Ferriclear or Ferrifloc) to 
500 ml of distilled water at 71°¢ 
(160°F ) and stir it rapidly for 30 min 
Cool to room temperature, and add 
500 ml of distilled water. This stock 
solution contains 0.5 gram per ml 

For reagent solutions, dilute 4 ml of 
this stock solution to 100 ml with dis 
tilled this diluted 


reagent contains 20 mg of 


line 


sion 


water. One ml of 


solution 


ferric sulfate and when added to | 
liter of sample, is equivalent to a dos 
age of 20 ppm, This reagent solution 
is not stable for more than 10 hr and 
should be made fresh daily 


Sodium aluminate is made by 
diluting the commercial solution to 
the strength desired. 

(4) 


made as it is used 


> 
(3) 


\ctivated silica reagent must be 
(5) When not in use, all stock solu 
tions should be kept in tightly stop 
Fresh solutions 
made at two 


pered bottles stock 
should be 


weeks 


least every 


TEST PROCEDURE 


1. Measure 1000 ml samples of raw 
water in a graduated cylinder or volu 
metric flask and transfer to the jars 
under the laboratory stirrer (Fig 1) 
Use at least three samples and pref 
(The water should 
be at the same temperature as exist 


erably five or six 


in the treatment process and the tests 
should not be carried out in the direct 
sunlight. ) 


2. Number the 
record experimental 
using a 
similar to that shown below 


jars in sequence and 
dosages io he 
record sheet 


used in Cac h, 


3. Start laboratory stirrer at 150 rpm 
after the samples of water are added 
to the jars and immediately preceding 


Fig. 1—MULTIPLE laboratory stirrer 


addition of chemical reagents to the 
mars 
+. Add chemical reagent solutions to 
samples in this manner: (a) As near] 
chemical 
Add 
ordet 
chemicals are added 
(c) Where lime (or 
soda ash) is used, add it before the 
(d) If added 


coagulants im treatment 


as possible, add any one 


simultaneously to all jars. (b) 
chemical reagents in the sam 
to the sample as 


in plant practice 


chlorine is 
the 


coagulant 
he fore 
W.&8.W. 
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COAGULATION TEST RESULTS 


Sourc e 


By 





Turtadity Cohort 


Parts per Million 


Alkahnity 


Flo 


Filtrate 





| Dosege ppm «pe 


pH 
Alkel Coagulant 





: Rociguss| 
Index, Color} Turb. | Alumine 
aia om EE 


Parts per Million 





4 


’ | 























= 























No Floc 


lorine solution to the 


unless it 1s found that 


has no effect on coacula 
rapid mux for three min 
if time} used, add it and stil 
bor 1% 

velete | 


continue 
min before co 
then mix for three 
e rapid mix period, reduce 
if stirrer to 32 rpm and sti 
for 15 min 
take for the 
floc to appear in each jar and re 
Index at end of stirring 


the time it 


thre bl lox 
period 
8. At the end of the stirring 
stirrers and allow the 


10 min 


slow 
period top the 
floc to ettl tor 


EVALUATION OF RESULTS 


Determine optimum dosage for wa 
{ l ) \ isual observa 
of settled sample 
inalysis of filtered sampl 


ill three 


ter treatment by 


2) inalysis 


my tere tet ib] 
After the 


vic] how a 


choose 


settling period 
lox ly lex ot 
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FLOC INDEX FOR TESTS 


Pin Point 6 — Fair 8 


Fig. 2—-RECORD sheet for coagulation jar test 


filtered 
color, 
free 


(On the settled or 
turbidity, 
residual 
Record 


© or better 


samples determine 
pH, and, if desired, 

alum solution 
data on sheet like Fig. 2 
(NOTE, Obtain filtered samples by 
pipetting 200 ml from a point at half 
depth of the sample in the jar. Trans 
fer this volume to a funnel containing 
a wad of absorbent Collect 
filtrate in a 250 ml Erlenmeyer flask, 
with test 


(or won) m 


cotton 
numbered to correspond 
jars. If quantities of filtrate 
are desired, be sure not to disturb 
settled floc while removing the sample 


larger 


from a test jar.) 

Results obtained, as well as mixing 
and stirring speeds and times must 
be correlated to plant practice and 
laboratory 
best 


to produce 
that 


standardized 


scale results will indicate 


plant dosage . 


APPARATUS RECOMMENDED 


Laboratory Stirrer (six-unit with 


speed range from 32 to 150 rpm 


et 


hig. 1.) 


6-2 qt square Mason jars, (battery 


y 


Good 10 


~ Excellent 12 — Very Heavy 


jars or beakers ) 
1000 ml graduated 
volumetric flask 

5 ml pipettes, graduated in 0.1 ml 
Thermometer (Centigrade ) 

100 ml volumetric pipette 

250 ml Erlenmeyer flasks 

85 mm funnels 

1000 ml glass stoppered reagent 
bottles 

pH meter (electric) o1 pH colori 


cylinder or 


meter 

1 Ib package of absorbent cotton 

2 gal bucket with rope for collect 

ing samples 

Record sheets (Fig. 2) of the type 
shown here obtained from 
(mega Machine Co. on request 


may be 
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The Chemistry of Water Coagulation 


By A. P. BLACK* 


Head, Department of Chemistry, University of Florida, Gainesville, Fla. 


! r 1s well for those of us who are en 
gaged in any phase of water treat 
ment to occasionally review the basi 
principles having to do with the proc 
esses being employed, These articles 
ire prepared with that in mind. They 
do not purport to contain any material 
which is new or original and no refer 
ences to the literature cited 
lhey have been prepared with the idea 
of briefly summarizing the most im 
portant chemical principles underlying 
certain processes of the chemical treat 
ment of water. Part | will deal with 
coagulation; Parts II] and II] with 
softening and corrosion control, re 


will be 


spectively 

Coagulants may be defined as those 
substances which are capable of re 
moving colloidal impurities from wa 
ter, and coagulation is the process by 
which such removal is brought about 

\s we look back over what has taken 
during past 
seems rather cleat 


seventy-five 
that the 
development of coagulation as an art 
was greatly influenced by the develop 
first of 
1829 by 


place the 


ears, it 


ment of slow sand filters, the 
which constructed in 
James Simpson of the Chelsea Water 


Was 


Company, London. Its effectiveness 
for the purification of water 1s too we ll 
known to require discussion here. It 
Was early note d that its eficiency was 
greatly improved after the formation 
on the surface of the sand of a slimy 
gelatinous coating which was and still 
is termed “Schmutzdecke.” There 
eems little doubt but that when early 
\merican workers began their devel 
opment of the rapid sand filter it was 
their desire to duplicate by chemical 
means this slimy coating or schmutz 
decke on the sand 
Since a chemical 
however, it had to possess certain qual 
It must. first of all, be gela 
tinous in nature so as to resemble as 


was to be used, 


ihcations 


nearly as possible the organic growths 
on the older slow sand filters. Further 
more, it must be non-toxic, it must be 
relatively inexpensive, and it must be 
capable of reacting either with water 
itself or with substances naturally 
present in 
added to water so as to produce the 


precipitate, As 


water or which might he 
necessary gelatinous 
we all know, aluminum 
filter alum was selected for study \l 


sulfate or a 


though many years have passed since 
ilum was first used for this purpose 


11 probably true to sav tha 


the most widely used of all coagulants 
in water treatment 

lt is the purpose of this paper to 
show that the remarkable properties of 
filter alum as a coagulant are not due 
to its gelatinous nature but to entirely 
different properties unknown to the 
earlier workers, It is one of the most 
remarkable coincidences in contempo 
rary science that after the real mecha 
nism of coagulation became known, 
filter alum still 
widely used of its class. 

It is possible to write equations tor 


remained the most 


the chemical reactions which take place 
when aluminum sulfate is added to 
water containing natural alkalinity or 
added alkalinity in the form of lime or 


soda ash, These are show below 


Cat(Hco 4 
AICOH) 
HO 2A 


HO 
Ca(OH), 
NaCo ‘ 


AL(SO,) 

AL(SO.) 
‘ 

AL(SO,) 


; 


While it is probable that there are 
cases where these reactions take place 
essentially as they are written, it is also 
probable that there are 
where they do not go about it in exact 
In order to understand 


many Cases 


ly this manner 
that statement and the true mechanism 


ot coagulation, it 1s necessary to ex 


amine the nature and 


colloids 


prope rties ot 


Colloids, Their Classification 
and Properties 


he colloidal phase refers to an 
torm Ot matter in a certain 
subdivision or, better, within certain 
limits of particle size. The unit of 
measurement to be used is the milli 
micron or mp. This is one-millionth 
(0.000,001) of a millimeter, which 1s 
approximately twenty-five mil 
lionth of an inch. While no definite lim 
within which various 


state ot 


one 
its may be set 
phases of matter may be grouped, it | 
possible to state that the molecules and 
ions of true solutions usually vary in 
diameter from 0.1 to 1 mp. The par 
ticles in the colloidal phase will usual! 
ly fall and 100 ma: 
above the highet they 


between | iy 
higure 
and 


merye 


into the suspensions emulsions 
which may be separated more or le 
readily by physical means 

\ solid or parti le size between | 
and 100 mp when dispersed in a liquid 


is called a suspensoid, and iquuid the 


droplets of which vary in diameter 
from 1 to 100 mp when dispersed in 
another liquid is called an emulsoid 
Both are colloids, In 
colloids resemble true 
ordinary lighting they are 
transparent, they will not settle, and 
they may be filtered without removal 
of the colloidal material. Under prop 
er lighting conditions, 


most respects 
solutions; im 


‘ lear and 


howe vel al 
bright beam of light passed through a 
colloidal solution produces what is 
called a “Tyndall Cone” which results 
from the part of the 
transmitted light by the tiny particles 
Under the ultra-microscope colloidal 
particles are found to be in constant 
motion, [his motion, termed the 
results 


reflection of 


‘Brownian movement,” from 


(OH) 
SO 
i Ca P 


the bombardment of the tiny colloidal 
particles of the colloid by the rapidly 
moving molecules of the solvent, The 
boiling point, freezing point, osmotic 
pressure pressure of col 
loidal 


cal with those of the pure solvent 


and vapor 


solutions are essentially identi 

Colloids may be classified in a num 
ber of first place, they 
may be classified as sols or gels. Sol 


ways. In the 


are, of course, colloids which have the 
appearance of true solutions, wherea 
jelly-like structure 


nani colloid ((,reek | ke 


gels have a Irom 
which the 
glue) was derived. Sols and gels iWiay 
be readily demonstrated by anyone b 
For the first 


two | 


two simple experiments 
take 
containing boiling (lis 
distilled 
pom 


experiment, on liter 
beakers, one 


tilled 


wate! 


water and the other 


just above the freezing 


lf to each beaker there is added two 
or three drops of a saturated solution 
of terric chloride a interesting 
contrast will be noted The 


containing the cold distilled water will 


most 


heaket 


exhibit only the very faintest color of 


hardly 


trained 


ferri chloride, 
perceptible to any except the 
other 
a deep wine-red color, The ex 


the dissolved 


eve the beaker, however, a 


sumes 
planation of course is that at the tem 


perature of boiling point the ferris 
chloride is hydrolized with the forma 
tion of colloidal ferric hydroxide and 


soluble hydrochloric aci 
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i ibly nowhere else are maintenance paints subjected to 


more continuous abuse from the elements and chemical 
furnes than in water and sewage treatment plants. Parlon 
wints have shown their ability to withstand such 


punishment where ill other protective coatings have failed. 


er the challenge comes from sewage fumes or salt 
lrogen sulphide or ferric chloride—paints based 
Parlon (chlorinated rubber) have shown their 

For beauty and protection at attractive 

ts, you can depend on Parlon-based finishes 
information, contact your paint supplier or 


lireetly to 


Cellulose Products Department 
HERCULES POWDER COMPANY 


935 Market Street, Wilmington 99, Del 





‘ 
* 


. a eee : ee $ 
@ RESISTS HYDROGEN SULPHIDE —The digesters, clarifiers and 
control pump buildings at San Leandro, California Sewage Dis- 
posal Plant are protected with Ramuc masonry paint, a Parlon- 
based product of Inertol Co., Ine., Newark, New Jersey. After two 
year’s exposure to sea, sewage fumes, and hydrogen sulphide fumes, 


the finish is still intact 


.. AND FERRIC CHLORIDE —This 3,500 gal. ferric chloride 
rage tank in the vacuum filter pl unt, Back River Sew ge Works 
ltimore, Marviand is covered with three coats of red Rubalt RA 

t based on Parlon, manufactured by Alfred Hague & Company, 
ikiwn, New York. Parlon finish was only one found able to 


resist corrosive effect of ferric chloride. which is so strong that it will 


eat away bare metal or concrete. Tanks are wood with rubber liner 


PARLON® CHLORINATED RUBBER PAINTS ARE AVAILABLE FROM 400 PAINT MANUFACTURERS UNDER THEIR OWN BRAND NAMES 


W.&5.W REFERENCE & DATA 1955 





hydroxide sol is crystal clear and may 
through 
unchanged If the 
aside for a few 


the finest labora 


be filtered 


tory hilter paper 
cold beaker be set 
ver night, it will graduall 
red in 
both are 


“4 few davs a red 


hours of 


il the same wine 


color 
tensit ally reached, Ii 
allowed to stand tor 


dish 


’ 1 
hvdroxide Wii 


tinous ferric 


precipitate of 
result in each. [his ts 
que to tl 
solution will finally cause pre 
however, these colloids 


e fact that other ions present 
in the 
cipitation. If 
are dialized and these foreign ions re 

colloidal solution will be 
Che writer 
s possession and has many 
n colloidal solutions of fer 


moved, the 
stable almost indefinitely 
has in 
times show 
ric hydre xide, of metallu 
metallic gold, which are at the present 
years old and which have 


silver and 


hiteen 


| 
i 


tine 


maintained their strength essentially 


unchanged during that period 


\nother simple experiment may be 


demonstrate the formation of 
me beaket 1s placed 30 ml 
saturated aqueous solution 


In a second be aker 


acetate 
easured out 170 ml 
ol. It 
poured into the clear limpid 
f calcium acetate and then 
to pou! the mix 
first beaker, it will 


of 95% 


now the alcohol 1S 


pt is made 


} 


ture ach nto the 


be found that the mixture has set to a 
solid gel before the transfet 
be begun. This gel is so stiff that it 
may be penetrated by the 


ult et it is formed within 


can even 


finger only 
ith ditt ' 
a matter of moments from two clear 


Howir 


ree 0 g solutions 


Colloids may be classifed as rever 


sible and non-reversible. Ordinary 
an excellent exam 
a little starch is 


and the mix 


stare solution 1s 
the tormer. If 

boi ing water 
munutes, a « lear, 


When 


what is 


ture boiled for a few 
faintly bluisl 


allowed to cool it 


solution results 


sets to 


termed “starch paste However, if 


reheated it will again assume the ap 


ge albumin 


pearance f a solution. | y 
in excellent 


sible ( olloid 


white of egy 


egg white is 


or ordi 
exXalpie ¢ é non-Teve 
of fresh 

id thorough] shaken 

ears to be solu 


is boiled the 


a true 
this mixture 


s coagulated and may not 
or iwinal 


in the 


ranstormed to its 
manent char ve 
| 
be classified as lyo 
llic. This classifica 
the affinity of the 
for the dispersing 
attraction between the 
and the dispersing 
the colloid is termed 
1 +h 


the other hand, the 


attraction between the colloidal par 
ticles and the dispersing medium 1s 
great the colloid is termed lyophillic 
The viscosity of lyophobic colloids is 
isually about the same as that of the 
medium, and they are quite susceptible 
Lhe of lvo 
on the other hand, is 


to coagulation viscosity 
philli colloids, 
usually much greater than that of the 
pure medium, In water treatment we 
deal for the most part with lyophobic 
colloids 
Finally the 
colloids may be classified as positive 
readily be 


most important of all, 


or negative since it may 
shown that 
charges. There 


ries as to the source of this electrical 


they bear electrical 


are a number of theo 


but these are bevond the scope 
of this discussion. It is sufficient for 
us to know that the particles of some 


( harge ; 


colloids bear a positive charge where 

as the particles of other colloids bear 
a negative charge. It is also true that 
colloids may be prepared in essentially 
neutral condition and it is further nec 

essary to note that may 
change their electrical charge from 
the reverse as 


colloids 


positive to negative or 
a result of a change or changes in @x 
ternal conditions. The latter point 1s 
very important in the theory of coagu 
shown by 
that both alumi 
num hydroxide and ferric hydroxide 
flocs may be either positive or nega 
tive. This has a most important bear 
ing, not only on floc formation, but 
also on the completeness with which 


lation since it has been 


numerous workers 


a coagulant will do the job it is sup 
posed to perform 


Methods of Precipitating Colloids 


Colloids may be 
number of 


tioned since each of these has found 


precipitated in a 
ways. [Three will be men 
applications or plays a part in water 
treatment 

This 


means 


he first is by electro-phoresis 
involved word simply 
a colloid of one 


rather 
the precipitation of 
sign on an electrically charged pole of 
opposite sign, As a specific example, 


if we immerse two electrodes in the 


ferric hydroxide ol whose 
described earlier in 
direct 


red color 


beaker of 
preparation was 
the pape! and 
through the sol, the 


pass a current 
win 
slowly drift to 


ward the negative electrode and a pre 


may he observed to 


velatinous ferric hydroxide 


that 


cipitate of 


forms on and helow é ectroce 


the colloidal 


have 


ince ferric hydroxide 


particle ; moved to the negative 


pole we may assume that before the 


were neutralized they bore 
here 


' ‘ ‘ 
colloids whit 


a po tive 


electrical charge are on the 


hand arious 


other 


charged elec 


R-101 


trodes will move to the positive pole 
These, of course, are negative colloids 

It is interesting to remark at this 
point that the two types of impuri 
ties for which coagulation is most 
commonly employed, namely color 
and turbidity, are both present in wa 
ter in the form of negative colloids 
This point is emphasized since it ts 
important in the discussion to 

During the past few years a 
number of employing this 
principle of electro-phoresis have been 
suggested for practical use under vat 
They have not been 


most 
follow 


dev wes 


ious trade names 
particularly successful due to polari 
zation of the electrodes and frequent 
cleaning which is necessary 

Colloids may be coagulated by othe 
colloids of opposite sign For examle, 
if to a negatively charged colloidal sol 
there is added an equivalent quantity 
of a positively charged sol, something 
akin to neutralization takes place and 
a precipitate is formed which consists 
of the mixture of the two substance: 
originally present. This is most impor 
tant in connection with coagulation of 
a water and will be referred to again 
later 

In the third place, and most impor 
tant of all, colloids may be precipi 
tated by ions of opposite charge. For 
example, if to a stabilized ferric hy 
droxide sol bearing a positive charge 
a little hydrochloric acid is added, the 
sol will be prec ipitated by the nega 
tively charged chloride ion. This is the 
explanation for the ultimate precipita 
tion of the ferric hydroxide hydrosols 
whose preparation has been described 
Chere is, however, a very great differ 
ence in the relative precipitating pow 
er of ions and this power results from 
the value of the charge carried by the 
ion, Keeping in mind that in a discus 
this only very 
statements can be made, it is possible 


sion of sort, general 
to say that as a rule the precipitating 
a bivalent ion will be 50-60 


times as great as a monovalent ion and 


power ot 


the precipitating power of a trivalent 
ion will be 600-700 times as great a 
that of 

It is 
throws 


a monovalent ion 
this fact 
most light on the action of so 


remarkable which 


uble aluminum and ferric salts as co 


It may he 


demonstrated by dividing a positively 


agulants in water treatment 


charged ferric hydroxide sol prepared 
as described above into three equal 
added a small 
sodium chloride. To the 


portions. To one there is 
amount of 
econd is added an equivalent amount 


of sodium sulfate and to the third ji 


adde d 
oT t} ‘ 


an equivalent amount of one 
oluble 


pl ite lhe 


sodium ortho phos 


odium chloride will have 


ery little effect in precipitating the 


' 


ol. the effect oO! the odium ulfate 
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PHILADELPHIA QUARTZ COMPANY 


Menefecturers of N® Sodium Silicate for the Preperation of Activated Silica Sols 


GENERAL OFFICES 


Chicago Sales Office 


Raw and 
waste water treatment 


N-Sol® activated silica used with alum, ferric 


salts or other coagulants forms a large, bulky, 
strong floc at a faster rate than when the coagulant 


is used alone. The N-Sol floc entraps impurities and 


suspended matter, settling rapidly to produce clear, 


sparkling water. Silica sol coagulant aid is effec- 


tive in all popular flocculating and sedimentation 


equipment for a wide variety of waters. 


Activated silica sol is made with N Silicate of 


(41° Baume) and a reactant chemical at the 


Soda 


plant where it is used. PQ’s N-Sol Processes using 


reactants as noted below are licensed without 


royalty. (The use of sulphuric acid is covered by 


U.S. Pat. 2,217,466, J. R. Baylis, City of Chicago.) 


1137 Public Ledger Bidg., Phile. 6, Pa. 
205 West Wacker Drive 


Md.; Buffe 


y, Kansas 


nd Baltie e 
Rahway 
-“— 


Sinty-f 
er Sixty ve 


ation wath 


tlum alone 


Coagulation wit! 
alum plus activated 


silica sol 


PQ Assistance 

Samples of N Silicate of Soda and directions for 
making jar tests are available on request. PQ engi- 
neers are glad to share our experience with acti- 
vated silica sol as an aid in water treating prob- 
Raw 


lems. Ask for free booklet, “Treatment of 


and Waste Waters.” 





COAGULATION PROCESS 


REACTANTS ADVANTAGES 





Raw Water 


Improves quality 
Lengthens filter runs 
Removes high color 
Reduces turbidity 
Removes manganese 
Removes magnesium 


Waste Water 


Prevents stream pollution 
effluent 


N-SOL-A 
(U.S. Pat. 
2,444,774) 


N-SOL-B 
(U.S. Pat. 
Clears 2.310.009) 


In Such 
Industries as 
Paper 
Petroleum 
Metal Finishing 
Plating 
Food 
Textil 


Also 
Radio 


N-SOL-( 
(U.S. Pat. 


2,567,285) 


Active Waters 








Ease of preparation, either 
batch or continuous. Requires 
smaller equipment. 


ammonium 
sulphate 


Reactant readily available, 


alum inexpensive. 


Reactant usually available 
where sterilization is normal 
practice. 


chlorine 


Used where an alkaline salt 
is desired. For boiler feed 
water where ammonia is not 
desired. 


sodium 
bicarbonate 
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ill be very much greater and that of 
the sodium phosphate greatest of all 
if the experiment is carried on in 
such a manner that quantitative re 
sults will be obtained, values for the 
precipitating of the 
ions approximating those just given 
will be obtained 


relative power 


Having now reviewed some of the 
chemistry of colloids, we are in a posi 
tion to examine the known f 
coagulation and to attempt to explain 
them in terms of the behavior of col 
oids. We have learned that both color 
and turbidity present in natural wa 
ters are present in the form of nega 
Chat leads us at once to 
the conclusion that for their coagula 


tacts of 


tive colloids 


tion we will need to employ either a 
positive 10on or 
both. As it happens both agents take 
place in the phenomenon of floc for 
We discover 
formulae for 


a positive colloid or 


now by examin 
filter 
lum and ferric sulfate or ferric chlo 


mation 


ng the chemical 


ry 
ride that these coagulants each have 
\ positive ion whose valence is three 
Though chemists have carefully 
searched the periodic table of the ele 
ments and have made efforts to em 
other 
ence and elements of higher 
t still remains true that these salts are 
widely 


ploy elements of the same val 


valence, 
nost effective and most used 


as coagulants 


Mechanism of Coagulation and 
Floc Formation 


When a coagulant ts added to water 
turbidity 
three separate factors and three dif 


for the removal of color or 


ferent types of action are involved 


They will be discussed in the order in 
which they take place 


] As the 


the trivalent aluminum or 


and 
1Ons 


coagulant dissolves 
ferrin 
hecome available, they neutralize the 
charge on the parti les of 


turbidity and, 


negative 
color or as we have 
seen, their neutralizing power is very 
his, in the 


uthorities, is the 


vreat opinion ot most 


most important 


phase of coagulation and it takes pla e 


long before the visible formation of 
t] that this 
more efficient if the co 


oc part les. It is evident 
ction will be 
gulant can be brought into intimate 
with the 


noved he tore 


ontact material to be re 


secondary reactions can 
Chis 


of rapid mixing as the 


take place clearly implies the 
ie irability 
t step in coagulation 


2. When the 


ilumunum or 


positively charged 


ferric ions have neutral 


zed a considerable portion, perhaps 


wost of the negative ly charge d colloi 
lal parti les of color or turbidity, the 


resulting called mi 


~ 


parti les may be 


for the purpose of this dis 


cussion since they are still beyond the 
limits of visibility and far too small 
to settle under the influence of grav 
ity. Furthermore, it has been shown 
that, in the acid range of coagulation 
most commonly employed, they still 
retain positive charge, possibly due to 
the adsorption of positively charged 
hydrogen ions from the solution, We 
are now dealing, therefore, with a 
positively charged colloid which has 
the capacity to neutralize the nega- 
tively charged colloid, These positive 
ly charged micro-flocs can therefore 
continue to remove negatively charged 
partic les of color or turbidity, and 
this constitutes the second phase of 
coagulation 

3. During both of the above phases 
no visible floc particles have formed 
[The mechanical treatment of the wa 
ter from this poimt forward should 
consist of termed by 
some authors “conditioning” in order 
that these tiny micro-tloes may cluster 
together and agglomerate with the 
formation of floc particles which 
steadily grow in size until they are 
in a proper condition for sedimenta 
tion, During this phase of floc growth 
the third action, that of surface ad 
sorption, takes place. It is outside the 
scope of this paper to deal with the 


slow stirring, 


various theories of adsorption, and 
the complex forces which may be and 
probably are involved. It is sufficient 
only to say that the amount of surface 
area exposed by the innumerable par 
very great and that 
water may be ad 


ticles of floc is 
impurities in the 
sorbed on these active surfaces. It 
should be emphasized however that 
the formation of a large and well 
formed floc, while important from the 
standpoint ot! 


necessarily the criterion of successful 


sedimentation, is not 


coagulation since the most important 
functions of the coagulant take place, 
as has been shown, before the floc ever 
attains visible size 


Influence of Other lons Present in Water 


It has been stated that the micro 
floc particles formed by coagulation 
with either filter alum or ferric sul 
fate in the acid range bear a positive 

This has an important impli 
to the water 
should mean that a water high in sul 


charge 
cation chemist since it 
should be coagulated more 
readily sul fate 
ion or high m chloride ion and that is 
true. While the precipitating power o! 


fate 10n 


than a water low in 


the bivalent negative sulfate ion is not 
as great as Of a trivalent ion it is still 
very high and it is true that sulfate 
waters are more readily coagulated in 
the acid range than are chloride wa 
ters, and for the same reason ferric or 
sulfate are better 


aluminum coagu 
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lants than 
rides, It 
ions are charged, each ion present in 
a given water will have some effect 
on floc formation, the positive ions 
in the water interfering with the for 
mation of a positive floc and the nega 
tive ions helping in its formation. This 


the corresponding chlo 


follows also that since the 


is one of the important reasons which 
explains the individuality of waters as 
far as their coagulation is concerned 
As will be shown in the next paper in 
this series, the softening of water by 
any of the known processes follows 
well defined chemical laws and dos 
ages, and results can be calculated in 
advance, This is not true with coagu 
lation. The first of the chemical equa 
tions which has been listed above pre 
sents what would happen if filter alum 
reacts completely with natural alka 
linity present in a water, Assuming 
for filter alum a “‘practical’’ molecular 
weight of 600, which corresponds to 
about 14.5 molecules of water of 
crystallization, one grain per gallon of 
alum would reduce the alkalinity of a 
given water by 8.5 parts per million 
lf pure aluminum sulfate whose 
formula is Alg(SO,4), .18 HO, and 
whose molecular weight is 666 be 
used, then the theoretical reduction in 
alkalinity by one grain of alum is 7.7 
parts per million, Every water works 
operator who is experienced in coagu 
lation is, however, well familiar with 
the fact that it is possible to add a 
considerable dosage of alum to a wa 
ter with alkalinity reduction substan 
tially less than called for by either of 
these figures. This indicates the cor 
rectness of the theories of coagula 
tion which have been set forth above 
and results from the fact that a con 
siderable fraction of the aluminum 
ions instead of reacting with the alka 
linity of the water react directly with 
the negatively charged particles of 
color or turbidity 

In the organi 
flocs formed are called 


color, the 
flocs’ 


and are quite different in properties 


case oft 


“ olor 


and appearance to the gelatinous alu 
minum hydroxide formed by the re 
action of aluminum sulfate with alka 
linity in water, Although this is true 
it has not been found possible to ar 
rive at equations for calculating the 
amount, which will hold in every case 
for a given coagulant to remove a 
given amount of turbidity 
from a water, Such equations are pub 


color or 


lished from time to time and are usu 
ally valid for the particular 
from whose treatment 
rived but 
to hold in case of other 


wate 
they are ce 
as a rule they are found not 
waters. Thi 
can only mean of course that we do 
not as yet have sufficient information 
with regard to the true nature of the 
W.&8.W. 
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conoidal 


which we are re 

rhis is particu 
pect to organ 
than fifty 


still 


sition of 


purities 


moving trom water 
true witl re 
years ot 
find 


using 


After more 


treatment we our 
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the po more 


rule-of-thumb methods for the 


val from water of a material 
ut whose chemical composition we 


little Much research 


on the 


latively 
be done fundamental 


in water 


Coagulants Used in Water Treatment 
worthwhile 
ng of the 

used in water 


to attempt 
coagulants 
treat 
t water works men are 
wi them and they 

nt mention in the literature. As 
previously stated, 
to be the most 

( material of its kind but 
to be an in reasing ten 
ird the use of ferric sulfate 
finds appli 
in industrial wate 
chloride and chlor 


receive 


alumi 

ontinues 
here ippeat! 
nev tow 
otten 


odium aluminate 


on, particular! 
itment, err 
ited coppera have been used and in 
the Middle West a 
and 
used, main! for the 
one ot the 


ed in th 


combination of 


ferrou ulfate lime is widely 
removal of tur 
first 


country, 


coagu 
hav 
by Bull in Quincey, [hi 
bentonite has been ug 
as not been generally 
ugh it ha proved usetul 
lhe use of activated 
iccessory coagulant ce 


mention, A 


ictivated with 


olution of 
ulfurn 
by Kavli hy 
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so forth as recommended by Hay and 
others, yields a stable sol bearing a 
high negative charge. In the acid 
range it effectively promotes coagula- 
tion and floc formation with either 
aluminum sulfate or ferric sulfate. It 
is not generally recognized, however, 
that activated silica may act as a co- 
agulant in the truest sense of the 
word since, in softening many waters 
by the lime-soda process it results in 
the formation of a better-formed and 
better-settling sludge than either alum 
or ferric sulfate. The new 80-million 
gallon softening plant of the City of 
Miami is being designed to employ ac 
tivated the only coagulant 
although facilities will be provided for 
feeding alum to anticipate possible 
In the case 


silica as 


changes in water quality 
of this particular water 
2-4 parts per million of activated silica 
yields better results than a dosage of 
three grains per gallon of alum. While 
activated silica used in conjunction 
with another coagulant should prop 
erly be called a coagulant aid, the time 
has come to recognize that it may and 
often does act as a coagulant in the 
of the word 


a dosage of 


truest sense 


Laboratory Control of Coagulation 


he most important single tool at 
the disposal of the chemist in charge 
of the operation of a« oagulation plant 
is the jar test and there is 
no substitute for numerous and prop 
erly tests for the con 
trol of such plants. Only by such test 


ac hine 


conducted jal 


1 
economical 


at and the best 


can the most dosage of 
coagulant be arrived 
settling flocs be 


excellent 


here are 
litera 
ture describing the proper technique 
sts and 
cribed in several of the contemporary 


obtained 


many papers in the 


for such te they are also de 


text books and manuals. Every op 


Decimal Equivalents 
of 8ths, 16ths, 32ds, and 64ths of an Inch 


erator who does not have a jar test 
machine and is not using this test, 
should consult these references and 
institute such tests if he desires to 
obtain best results from his plant. 
Along with the jar test it is necessary 
to make regular and periodic deter- 
minations of color or turbidity, alka- 
linity, total hardness and pH value. 
The latter is especially important 
since it has to do with the stability of 
the treated water. In the case of most 
so-called “Filter” plants which em- 
ploy coagulation, the treated effluent 
is apt to be quite soft and of relatively 
low pH value. There are a number of 
ways by which such waters may be 
stabilized and that subject will be dis 
cussed in the other papers 
which are to follow. 

The ever-increasing popularity of 
the newer types of up-flow equipment 
emphasizes the need for a better un 
derstanding of coagulation since re 
tention times are f these 


one of 


far less in 
types of units than in the older and 
more conventional settling basins. For 
the same reason a deal 
vigilance and careful supervision is 
indicated in the operation of such 
plants. It is doubtful if anywhere in 
American chemical industry there is 
to be found a comparable example of 
the use of chemicals in the tonnages 
consumed by the works in 
dustry and in the dilutions employed 
by it. The chemical reactions, not only 
of coagulation but of 
well, are carried out in extremely low 
concentrations, and it is a tribute to 
the ingenuity, and 
scientific ability of 
man that they are 
ployed under these unusual condi 
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CORROSION CONTROL’ 


HEN METALLIC structures, 

pipe or other water and sewage 
works equipment go into solution, the 
action is known as corrosion, Corro- 
sive action in the presence of moisture, 
depends on pH, temperature, oxygen, 
characteristic of the metal, etc 


Effects of Corrosion 


Corrosion in water 
result in tuberculation 
companying loss in carrying capac- 
ity) and in disintegration of pipe, 
leaks in lines, clogging, deterioration 
of meter parts and leaks in domestic 
water heaters. Corrosion may also 
cause water to become turbid, colored, 
or to have an undesirable taste. Lead, 
or zine dissolved may cause water to 
be toxic and copper and iron in 
water supplies will stain household 


systems may 
(with ac 


fixtures 

In sewage works, unfavorable cor 
rosion effects are noted in mechanical 
equipment as well as in the deteriora 
tion of metal structures of all kinds 


Fundamentals of Corrosion 
No metal ts 


ot moisture 


stable in the presence 
oxygen. All metals 


to oxides, hy 


and 
tend to he converted 


droxide or salts of the metal and 


therefore to be destroved. Corrosion is 
Moore, 
mechanism as 
1. Anodi 


) . 
Reaction, 3 


in electro-chemical 
et al r xplain the 
taking place in four 
Reaction 2. Cathodx 
Depolarization, and 4 
the Metal lon l 


proce 
ste ps 


Reactions of 
\ metal ion goes 
with an alectron 


going 
2. The 
ives up electrons to re 
ions in the water 
hydrogen 


into solution 


mass ot metal - 
drogen 

hydrogen gas: 3 

from accumulating on 
the metal surface by reacting with 
dissolved water: 4. The 

| the water re 


is prevented 


ions or oxygen in the water 


form soluble or insoluble produc ts. 


oxides, droxides, carbonates, et 
If one of these steps can be pre 
vr controlled then 


pre vented or controlled 


CORROSION CONTROL 


which cor 


corrosion 


Prin ipal methods by 
rosion is reduced, if not prevented, 


are ] 


Zz l s¢ oT 


Proper selection of material: 
protective coatings ; 3 


Treatment of the water 


Materials 


lhe selection of material metallie 


or non-metallic) will give considera 
tion to characteristics of the material 
and its resistance to the dissolving 
effect of water. Non-metallic ma 
terials include wood, concrete, as 
bestos-cement, tile and plastics. 
Wood is infrequently used. Rein- 
forced concrete is used for tanks, 
other structures and for sewers ; pre 
stressed concrete for water transmis 
sion mains and elevated storage 
tanks. Asbestos-cement is 
siding for buildings, for shear gates 
water 


used as 


in sewage conduits, and for 
and sewer pipe. Neither concrete nor 
asbestos-cement will withstand acid 
waters. 

Tile is used for sewers, 
bottoms in both water and 
plants. Plastics are corrosion resistant 
but have a temperature limitation 

Metals commonly and widely used 
are cast iron for water mains: steel 
for structural members of buildings 
and for mechanisms and mechanical 
equipment of all kinds 


and filter 
sewage 


Copper pipe is used for house 
piping but it should be tin lined if 
the water is soft and contains car 
bon dioxide in appreciable amount. 
Red brass (85 percent copper) is re- 
sistant to corrosion, but if the cop- 
per content is less than 60 percent, 
will be dissolved out in 
waters. Lead pipe used in 
hard waters, but not in soft, Alum 
inum is used decorative 
purposes, stairs, hand rails, gratings, 


etc 


sott 


Zim 
can be 


mostly for 


Special corrosion resistant alloys 
are used for specific purposes, par 
ticularly in the handling of chemical 
solutions, or in sewage plants where 
bronze is used for valves, 
gates, and hard 
rubber, glass or plastic are used for 
handling moist chlorine or chlorine 
in solution and other chemicals. Dry 
liquid chlorine is handled in black 
steel or copper 
used for tanks for 
cal solutions 


silicon 


sluice etc. Rubber 


iron, Ceramics are 


COTTOSIVE ¢ ] emi 
Protective Coating 


and 
non-corrosive 


Construction of pipe 
ment of complete! 
materials is general] 
or the material does not have 
strength, etc. Instead materials sub 
ject to corrosion are 
other material that ; 
or at least corrosion ré 

Protective coatings 
metallic or 


( quip 


too expensive, 
desired 
coated with an 
non-corrosive 
istant 

may be non 


metallic Non-metallic 


coatings include paints; asphalts or 
bitumastic, rubber, plastic, glass, and 
cement linings. Asphaltic and cement 
linings are used in water mains; 
rubber, plastic and glass in small 
pipes or tanks handling corrosive 
chemical solutions. Specially devel- 
eped paints are applied to mecha 
nisms and structures for water and 
sewage works. The old advertizing 
slogan, “Save the surface and you 
save all” is applicable in water and 
sewage works 

Metallic coatings are used and 
are useful in certain applications 
Best known perhaps are zinc and 
lead. Galvanized iron is resistant to 
atmospheric corrosion but it is seldom 
used for contact with liquid. Copper, 
nickel, chromium, etc. are effective 
coatings for uses, with the 
coating being applied by electroplat- 
ing. Aluminum coatings are also 
used. Creation of a corrosion resis 
tent surface of the metal itself by 
oxide or phosphate layer is done by 
Parkerizing, bonderizing or anodiz 
ing. Natural protection is afforded 
by the deposition of protective layers 
silicates, or 


some 


as calcium carbonate or 
oxides on alumimum, et 


Treatment 


\ccording to Moore, et al., cor 
rosion may be prevented or reduced 
by treatment of the water, including 
pH adjustment, deposition of mineral 
film such as calcium carbonate, or 
phosphates, addition of organic cor 
rosion inhibitors, adding agents to 
make the metal passive, and removal 
of dissolved oxygen and carbon di 
oxide 

Since corrosion is an electro-chemi 
cal process it can proceed under the 
influence of action where 
unlike metals are together ; 
stray electric currents will also cause 
Best for these 
corosion, 18 pro 
a definite current 


galvanic 
close 
corrosion preventive 
types of cathodic 
tection whereby 
impress don the metal to prevent the 
metal to di Cathodic 


protection systems have been quite 


tendency solve 


effective in preventing corrosion in 
elevated steel storage tanks, cast iron 
and pipe ewage 
| 

plant equipment 


tee] line and in 


“Fundamentals of 


Moors, 


* Based on material 


Corrosion and Its Mitigation” by 
Sears, and Rubin: Wat. & Sew 
100 R-102 (195 
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CORROSION-FIGHTING 


Here’s how you can stop Sewage Corrosion before it starts! 


PITT 
PITT 
PITT 
PITT 
PITT 
PITT 
PITT 
PITT 


COAL CHEMICALS * 


W.&5.W 


CHEM 101—For Severest Conditions 

CHEM 102— Maintenance Coating 

CHEM 103—General Purpose Coating 

CHEM 104—Potable Water Service 

CHEM 105 AQUATAR—A Water Dispersion 
CHEM 106 TARMASTIC—Sealing Compound 
CHEM 107 PACHKOTE— Specialty Coating 
CHEM 110—Specialty Coating 
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Corrosive acids, alkalis and salts won't ever get a chance to 
eat up this sewage settling tank! It’s being coated with Pitt 
Chem 103—the coal tar coating that stands up to punishment 
no ordinary paint can handle. 

Pitt Chem Cold Applied Coatings give you three unique 
advantages: 

1. They out-last ordinary paints by many times. Yet they cost 
no more per gallon. 

2. They're easy and economical to apply. Your own men can 
learn how to apply them in a few minutes. 

3. Pitt Chem forms a tight, lasting bond with metal, masonry, 
cement and stone. 

It all adds up to this fact: No other material does such a com- 
plete job of protection at so little cost. @ Why not call in a Pitt 
Chem corrosion engineer to survey your sewage corrosion 
problems. There's no cost or obligation. 


& PITTSBURGH 


@) COKE & CHEMICAL CO. 


AGRICULTURAL CHEMICALS © FINE CHEMICALS * PROTECTIVE COATINGS ¢ PLASTICIZERS © ACTIVATED CARBON * COKE © CEMENT © PIG IRON 








Mechanism of Water Pipe Corrosion 


By ROLF ELIASSON and JAMES C. LAMB Ili 


sna Mr. Lamt a Research Asst., both with Mass 


in the torm 
and the 
reduction 


an oxide or hydroxide 


* IN occurs im nature 
] t 


of 
tal is produced throug! 


{ the ore. Corrosion may be consid 
ered as the reverse of this process, as 
ron is unstable in a corrosive environ 
ment and tends to revert to the 


stable 


The tendency of a metal to go into 


more 


oxides 


solution, or to corrode, is indicated by 
ts electrode potential in that solution 
In order to provide a standard basts 
for comparing the solution tendencies 
f the various metal ion 
ictivity”’ of 1 OOO 
ater and a temperature of 25° 


metals, a 
| mole pet 
have 
heen assumed in the preparation of 
the electromotive force series. In the 
ibbreviated emt ies presented in 
lable 1, the potential of hydrogen ts 
as zero and all other potentials 
The met 


taken 
ire referred to this value 
ils are listed in ler of 
solution tendency (increasing nobility 
The pote tial, / ota 
tem 


decreasing 


I potential ) 


metal under other conditions of 
perature and metal ion activity may 
through the use of the 


equation 


he found 
Ne rnst 


r 


in which M 


in solution (gram-moles of metal pet 


is the metal ion activity 


| ,000 g of water, multiplied by the a 
vil coefhcient): A ts con 
tant, in joules: 7 is the absolute tem 


Ilvin); m is the 


tl € vas 


erature ( Ke number 
f electrons participating im the 
tion; Ke is the potential, 


the metal at 25° 


rene 
volts, of 


with unit metal ion 


inted 


perr 





















































Fig. |. Impressed-Current Cell 
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Table 1 


ELecrromMorTive Force Serres* 
Stenderd Electrode 
Electrode Reaction Potential (&.), 28°C 
La 
Na 
Me 


Ag 
Pt 


employed by the Americar 
f this table 


*Signs of 


Chemical Society are 


potentia 


ypposite to those 


faraday 
equiy 


activity; and / 
equals 96,500 coulombs per 


equals | 


alent 
At 25 


pressed 


C, this equation may be 


} / logy. (M 


” 


here has been a tendency to use 


the emf series as though it were in 
flexible, each metal displacing from 
solution all metals below it in the 
This condition is usually true 
for metals widely separated in the 
series, but it should not be assumed 
to obtain in all Changes 
in the potentials of metals in dilute 
normally en 
practice, 
may result in radical changes in the 
order of potentials given in the emf 


series 


instances 
| 
solutions, such as are 


countered in water works 


series 

Such a change occurs, for example, 
in the iron-zin Zinc is 
(more active potential ) 


piping 


systeni nor 
mally anodi 
to iron 


and is used in many 
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Fig. 2. Galvanic Cell 


at the ef 


systems as a sacrificial protect.ve coat 
ing for iron. In fresh water with a 
temperature higher than 150°F, how 
ever, it becomes cathodic (more noble 
potential) to iron and is no longet 
sacrificially protective’. The effective 
potential of a metal also may be varied 
by reactions with elements in a given 
environment. It is evident that the 
emf series, calculated for unit metal 
activity, cannot be applied directly to 


Table 2 
Merai 


Corroded end Magnesium 
(anodic or Zine 
least noble) Aluminum 2S 
| Steel or if 
Cast iror 
Lead 
Tin 
Brasses 
Copper 
Bronzes 
t Chromium 


Silver 


VANIC SERIES OF 


Protected end 
(cathadic of Gold 
most noble) Platinum 


Crraphite 


“Commercial pure’ aluminum 


determine the potential of a metal un 
der the conditions normally found in 
water works practice 


which 
usual 


\ galvank one in 
metals are arranged in their 
electro-potential sequence in a given 
environment Therefore, although 
there is only one emf series, there may 


series 18 


be many galvanic series, each apply 
given set of environmental 
conditions. In a galvanic series, like 
the abbreviated example in Table 2 
actual potential values are not given 
vary widely with different 
environmental conditions’ Metals 
that are grouped together in a gal 


ing to a 


as these 
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Fig. 3. Concentration Cell 
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S ahtel, ose cin 


been suggested *“ 


lution have The 
neutralization of hydrogen ions in the 
at the cathode results in the 
production of alkaline conditions in 
the vicinity of this The 
metal ions or salts entering solution 
from the anode react with alkalinity 


in solution to form iron 


olutiotr 


f le« trode 


and oxygen 
oxides, known as rust 
formed in the vicinity of the 


lox ation 


| he s¢ oxides 
may be 
anode or cathode, or in a 
remote from either electrode 

Che potential of a metal in water 
through the applica 


causing an 


may he changed 
tion of impressed currents, 
increase or decrease in the rate of cor 
rosion of the metal, depending upon 
the direction and magnitude of the 
applied emf*. This phenomenon can 
he observed in the external corrosion 
of pipelines by stray currents and in 
the cathodic protection of pipeline ex 
teriors and other structures by applied 
emi 

Che corrosion of iron in water usu 
ally occurs in the absence of im 
pressed currents. Whitney’ 
that the corrosion of iron in water is 
electrochemical in nature, and Evans 
and Hoar* demonstrated that there is 
a direct relationship between the cur 


showed 


rent flowing between anodes and cath 
metal surface and the 
lost from that sur 


odes on a 
weight of metal 
lace 

emf and gal 
when different 
introduced into a given 
they have different 
tendencies to « orrode, ind display dif 
Figure 2 illustrates 


Phe 


series show that, 


Galvanic cells 
vank 
metals are 
environment, 
ferent potentials 
a situation, with iron and copper 
immersed in the same aqueous solu- 
tion. Examination of a galvanic series 
{ lable 2 re veals that coppel may he 
expected to display more noble (cath 
potential than iron. If the two 
connected electrically, the 


sucl 


ode 
metals are 


difference 


in potentials between the 
a flow of 


This 


iron and copper results in 
current between the electrodes 
connecting 


may be demonstrated by 


f metal may 
ar to those dis 


Fig. 4. Corrosion Cell on Surface of Submerged Iron 


De vered Dy many scr 


Jsseq prev 


the two electrodes through an am 
meter, as shown, and measuring the 
galvanic current flow 

2, the tron 


into 


In the cell shown in Fig 
has the greater tendency to pass 
solution, leaving electrons at the metal 
surface. These electrons pass through 
the metallic portion of the circuit to 
the copper electrode and are trans 
ferred from the metal to the solution 
by neutralization of hydrogen ions in 
the solution. The atomic hydrogen is 
removed from the copper through the 
formation of hydrogen gas or reaction 
with oxygen in solution. In this cell, 
the iron serves as the anode (elec- 
trode at which takes place while 
the copper functions as the cathode 
(electrode at which reduction takes 
place). The current flow that accom 
panies the loss of metal from the 
anode is generated by the difference in 
potentials between the electrodes in 
the galvanic cell rather than by an ex 
ternal emf as in the im- 
pressed-current cell. Therefore, the 
galvanic cell in Fig. 2 can be consid 
and, in fact, is—nothing more 
a battery. The reactions 
are 


source of 


ered 
or less than 
taking 
identical with 
for the impressed-current cell 
Concentration cells F the 
Nernst equation previously given, it 
can be that the potential of a 
metal in a solution with the 
concentration of its ions in that solu- 
As the concentration of metal 
it becomes 


place at each electrode 


those des ribed above 
rom 


seen 
varies 


tion 
ions in solution increases, 
more difficult for additional metal to 
enter the solution as ions. Therefore, 
a metal can be expected to display a 
more noble potential in the presence 
of a high metal concentration 
Figure 3 shows two identical copper 
solutions of 


ion 
electrodes immersed in 
different concentrations 
sulfate As these electrodes 

posed to different concentrations of 
copper ions, they have different poten- 
The electrode in the more 
solution has a 


of copper 
are ex 


tials con- 


centrated noble 


more 
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Fig. 5. Typical Corrosion Cells Found in Practice 
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potential and acts as the cathode in the 
corrosion cell, while the other 
trod anode 


elec - 
le functions as the 
Che potential of a metal in solution 
is affected by the concentration of 
ions other than metal ions. For exam- 
ple, a concentration cell similar to the 
one in Fig. 3 can be prepared by using 
two sodium chloride solutions of dif- 
ferent strength. This effect can also 
be observed with metals immersed in 
solutions of different substances 
(acids, bases, salts, or gases). 
Differential-aeration cells. A dif 
ferential-aeration cell is a special type 
of concentration cell which is of par 
ticular significance in the water works 
field. The rate of the chemical reac- 
tion between the oxygen in solution 
ind the hydrogen atoms on the metal 
depends upon the rate of access of 
oxygen to the metal surface. There 
of a corrosion 
cell receives oxygen at a higher rate 
than the other, the polarizing layer of 
hydrogen on this electrode is removed 
more rapidly. The rapid removal of 
hydrogen facilitates the of 
electrons from the metal to the solu 
at that and this area of 
the metal becomes the cathode of the 
Che electrode that re 
becomes the anode 
differential-aeration cell. This 
in cor 
" 


fore, if one electrode 


transfer 


tion point, 
corrosion cell 


celves le ss oxyven 
of the 
electrode suffers increase 
rosion rate to the increased 
rate of depolarization at the cathode 


he significance of this type of cor 


an 
owing 


sarr 
varying salt 


juct t jical ar r 
ng (di 


rrosion 


f 


@ metals): } Pipe coup similar 


(h) stray-current 


(f 


ontent 


aeration cells; 


4 


; 


ar 


rosion cell in water works practice 
will be discussed more fully later 

Differential-temperature and differ- 
ential-stress cells. Differences in tem- 
peratures and stresses of metals may 
result in the formation of corrosion 
cells. These types of cells may be im 
portant in initiating corrosion, but 
their effects are usually obscured by 
other, more significant kinds of cor 
rosion Therefore, on a long 
term basis, differential-temperature 
and differential-stress cells are 
relatively little importance, under the 
conditions usually found in water 
works 


cells 


ol 


Formation of Corrosion Cells 


For the sake of clarity, the elec 
trodes in the cells considered in the 
preceding section were assumed to be 
individual pieces of metal. The cor 
rosion of a single submerged metallic 
object results from the formation of 
anodes and cathodes on the surface of 
the metal. Figure 4 shows, schemat 
ically, a typical corrosion cell on the 
surface of a submerged sheet of iron 
The anode and cathode of this cell are 
short circuited by the body of metal 
It will be noted that the cell and the 
electrode reactions shown in Fig. 4 do 
not differ basically from those which 
have been discussed previously. The 
surface of a large section of metal 
might be covered by many such cor 
The of 


anodes and cathodes on the surfaces 


rosion cells presence local 
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of corroding metals has been demor 
strated, and it has been shown that 
the amount of current flowing be 
tween the electrodes and the weight 
of metal lost be definitely 
related*’ 

The formation of 
on the surface of a metal may be duc 
to differences in metal composition, 
electrolyte concentration cells, or dit 
ferential-aeration, -temperature, or 
cells Figure 5 ew 
typical examples of how cells 
may be formed in practice first 
five (Fig 
differential-aeration cells. In each in 
stance, the portion of the metal that 
has freer access to oxygen acts as the 
cathode in the corrosion cell, while 
the portion shielded from oxygen be 
comes the anode 

Figure 5f 
caused by connecting pipes made of 
different metals. Copper and brass 
are cathodic to iron, and, therefore 
the iron pipe corrodes while the cop 
per or brass pipe acts as the cathode 
in the corrosion cell. Figure 5g shows 
conditions under which an electrolyte 
concentration cell may be encountered 
in the external corrosion of pipelines 
passing through soils or waters that 
vary widely in chemical character 
istics 

Finally, Fig. 5h illustrates a 
mon example of corrosion by 
pressed current. If the water 
may become part of the return circuit 
to a power plant furnishing electricity 
for a streetcar system, the portion of 
the pipe where the current 
from pipe to ground suffers an in 
in rate, The corro 
sion rate of that portion of pipe at 
which no interchange of current takes 
place between pipe and ground is not 
affected, and the internal corrosion of 
the pipeline is likewise unaffected 


can cor 


a corrosion cel 


shows a 
suc h 
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Sa-S5e) are 


shows a galvanic cell 


com 
mm 
main 
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crease corrosion 


The types of cells capable of caus 
ing corrosion have been discussed in 
dividually, but it must be stressed that 
two more varieties may tend to 
occur simultaneously. For example 
the concentration of metal ions undet 
a tubercle | Fig 5c) could be expects d 
to be higher than in the water sur 
rounding the tubercle. Therefore, con 

ideration the 
of metal ions would indicate a 
tendency toward the formation of 
i corrosion cell in which the area of 
metal under the tubercle would 
as the cathode. The differential-aera 
tion cell formed by the action of the 
tubercle in shielding a portion of th 


or 


of relative concentra 


tions 


metal from oxygen tends, however, t¢ 
result in the ot 
vhich the area of metal outside 
tubercle acts as the cathode and 


a cell i! 
the 
the 
the 


formation 


area under the tubercle serves a 


arm de 
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Fig. 6. Effect on pH on Corrosion of Steel 
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une rate, it is evident that 
rate ot ot in nat 
waters is controlled by the rate 


ceed at the 
the 


ural 


corrosion iron 
ot oxygen supply to the cathodes of 
the corrosion cells. The latter rate is 
influenced by the concentration of 
oxygen in solution, the rate of flow 
and turbulence of the water, and the 
presence of films of oxides or inhibi 


Within the 


nor 


tors on the metal surface 
range ot oxygen concentrations 
mally found in municipal and indus 
trial the rate of corrosion 
increases directly with the in 
oxygen concentration 

Uhlig’ has that: “All iron 
and steel, regardless of minor varia 


waters, 
rise 


stated 


tions of composition or structure, cor 
rode at the same rate in natural wa 
ters.”’ This fact is of great significance 
to the works industry, which 
uses many of iron and 
tor reasons, 
and others not 


water 
types steel 


pipes various some real 
sti 

Che formation of films on the sur 
laces ot Significant 
fect on their corroding characteristics 
The films formed on metals may in 
clude layers of hydrogen or oxygen, 
films formed by chemical reaction be 


produc ts and ele 


metals has a el 


corrosion 
ments of the environment, 
and films formed by inhibiting agents 
added to the corrosive medium. Film 
formation may occur preferentially at 


tween 
corrosive 


either anodes or cathodes of corrosion 
cells, or over the entire surface of the 
Films on the cathodes of cor- 
may interfere with the 
transfer of electrons from the metal 
to the solution. The formation of 
these films may result from the elec 
trodeposition of positively charged 
ions or colloidal on the 
cathode, from sorption of chemicals 


metal 


rosion cells 


particles 


le 


at 


spends r 


the rate 
n of a4 layer of 


becomes 6 


on the metal surface, or from the re 
action of some chemical in solutior 
with the alkalinity produced at this 
clectrode, resulting in the formation 
of an precipitate on the 
metal 


insoluble 


Anode films may be formed through 
electrodeposition of negatively charged 
ions or colloidal partic les on this elec 
trode, through sorption of chemicals 
on the metal surface, or through the 
production of an insoluble precipitate 
by reaction between the iron entering 
solution and chemicals in solution 
The formation of an anode film may 
result in the effective separation o| 
the metal from the water at the anode 
stifling the anode reaction 

Under certain conditions, film 
formation on a metal may be accom 
panied by a radical change in the 
potential of that metal to a more noble 
value. When a metal 
sharp reduction in corrosion rate, ac 
companied by a shift in potential to 
is said to be 


undergoes a 


a more noble value, it 
“passive.” 

Figure 6 shows the effect of the 
pH of the water on the corrosion 
rate of mild steel in the absence of 
the formation of protective coatings 
The rate is essentially constant in the 
range of pH 4—10 at 22°C. In this 
range, the predominant cathodic re 
action is oxygen depolarization, and 
the corrosion rate is determined by 
the rate of supply of oxygen to the 
metal surface. As the pH of the wa 
ter below 4, hydrogen 
evolution becomes a major cathodic 
reaction. The increased corrosion rate 
at low pH values can be attributed to 
increased hydrogen ion concentration 
in the solution and the dissolving ac 
tion of the water on any protective 


is decreased 
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that 


layers of corrosion products on the 
metal. As the pH is increased above 
10, a protective layer of corrosion 
products is formed on the metal, o1 
the surface reaction rate of the iron 
hecomes lower, resulting in passivity 
of the metal and a decrease in the 
corrosion rate. The chemicals present 
in natural waters may great 
effect upon the shapes of the curves 
in Fig. 6, through reaction with 
corrosion products and formation of 
protective coatings 


have a 


Polarization 

In a corrosion cell, the driving force 
for the electrical current flow between 
the electrodes is the difference in po 
tential between the and the 
athode of the cell Kirchoff's 
second law 


anode 
From 


Semt 


I E. IR, + IR, 
in which #, is the resistance of the 
electrolytic portion of the circuit; X,, 
is the resistance of the metallic por 
tion of the circuit; E, is the effective 

polarized) potential of the cathode ; 
E, is the effective (polarized) poten 
tial of the anode; and / is the current 
flow between the electrodes 
The potentials of anodes and cath 
odes in corrosion cells may vary with 
the current flow through the cells 
rhis effect is known as polarization 
ind is comparable to friction in a 
mechanical or hydraulic system. As 
the current flow through a corrosion 
ell increases, the potentials of the 
inode and cathode tend to approach 
a common value. Polarization of both 
would result in a shift in 
potential in the 


elec trodes 


the anode cathodic 


Typical Polarization Curves 


d be obtained 


direction and a shift in the cathode 
potential in the anodic direction 
Therefore, the potential difference 
between the electrodes in a corrosion 
cell through which current is flowing 
is usually less than the difference in 
the open-circuit potentials, or potenti 
als of the electrodes with no current 
An increase in the degree 
either electrode 


flowing 
of polarization of 
results in a decrease in the potential 
difference between the electrodes (or 
driving force for the corrosion proc 
ess) and, thus, in a decrease in the 
rate of current flow in the cell 

The polarizing characteristics of 
separate anodes and cathodes under 
a given set of conditions may be de 
termined by varying the rate of cur 
rent flow between the electrodes (by 
varying K,) and measuring the 
potential of each electrode against 
that of a standard reference cell. In 
Fig. 7 is shown a typical pair of 
polarization curves, indicating the 
potentials of the anode and cathode of 
a corrosion cell at various values of 
current flow electrodes 
The points at which the curves inter 
cept the ordinate axis represent the 
open-circuit potentials of the 
trodes (no current flowing in the cor 
rosion cell). The intersection of the 
curves gives the corrosion potential 
and the corrosion current with the 
electrodes short-circuited, which 1s 
usually the situation in practice. The 
curves represented by the solid lines 
are separated by a distance equal to 
iR,,. These are the curves that would 
be obtained by measuring the poten 
tials of the electrodes against a “re 
reference 


between the 


elec 


mote” reference cell, or a 


cell located midway between the ele 
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trodes. The broken lines in Fig. 7 
are those which would be obtained 
through the use of probe electrodes 
located in the immediate vicinity of 
the respective corrosion cell 
trodes. These curves are separated by 
a distance equal to IR, ; IR, 

It has been stated that the rate of 
may be controlled by the 
rate of the cathode reaction, the anock 
reaction, or both. Altogether, four 
types of control are possible in cor 
rosion cells. These are illustrated in 
Fig. 8. Figure 8a represents the 
limiting case of “resistance control,” 
in which the current flow between the 
electrodes has no effect on the poten 
tial of either of them; the current 
flow in the corrosion cell is limited by 
the /k, and /R,, of the system, and 
the potential of each electrode re 
mains constant at the value of the 
open-circuit potential for that elec 
trode. This situation would 
occur in water works practice. Fig 
ure 8b represents the case in which 
the current flow 
is limited by the polarization (change 
in potential with current flow) of the 
In this instance, the corro 
sion 1s said to be under “cathodic con 
trol.” Figures 8¢ and 8d show polar 
ization curves that might be obtained 
when the rate of con 
trolled by polarization of the anode 
(“anodic control’) or of both ele 
trodes (‘mixed control’) 

It has been pointed out that, in 
aqueous solutions with no inhibitors 
present, the anode reaction rate in the 
corrosion of iron 1s very much faster 
than the depolarization reaction rate 
at the cathode. In neutral or slightly 
alkaline waters, the rate of corrosiot 
is almost completely governed by the 
rate of supply of oxygen to the cath 
ode. Therefore, in municipal 
and industrial water systems, the cor 
under primarily cathodi 
control, as illustrated in Fig. 8b. The 
rate of corrosion is governed by the 


elec 


corrosion 


never 


in the corrosion cell 


cathode 


corrosion $18 


most 


rosion 18 


degree of polarization of the cathode 


Distribution of Corrosion 


The factors affecting the overall 


corrosion of iron in water 
have (wher factors 
of equal significance are those whicl 
influence the distribution of corrosior 
occurring ; the may take 
place uniformly over the entire meta 
surface or be localized, with the entire 
loss of metal confined to a relatively 
small The life of a 
structure in water is determined, ti 
large extent, by the rate of penetra 
tion of the structure by corrosion 
Localized attack may lead to rapt 
failure of the structure, althoug! 
relatively small proportion of 
metal has been lost to solution 


rate ot 


been discussed 


corrosion 


area metalli 
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CARRYING CAPACITY OF SEWER PIPE—GALLONS PER MINUTE 


(Based on “Hydraulic Tables” by Williams & Hazen) 
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LABORATORY CONTROL 


lant 
os 


kK VERY WATER and sewage 


> | 
laboratory fa 


4should have 
size of the 


SOTTIC 
laboratory and 
should be 


tres | he 
e equipment it contains 
etermined according to the size of 
plant and the extent of treatment 
will aftect the 
testing 
it rf 


‘oth of these factors 


requency of sampling and 


I d the 


to be 


number ind complex 


made 


Water Treatment 


In most states, it is the general 
to have 


zed by the state health laboratory at 


' 
wctice water salmpies ana 


ist once a month and for the water 


submit a monthly report of 
sults obtained by routine testing at 
e plant. Many state health depart 
ents stipulate the frequency and 
ind of tests to be 


int to 


routine 


ide on 


Chlorination 


\\ here 
treatment practiced, 
lent is’ required to 
umount and kind of chlorine residu 
Handy colorimetric test kits are 
tilable. This equipment 
eful in larger plants, as well 


chlorination is tl 
testing equip 


determine the 


same 


Coagulation, Sedimentation, Filtration 


Equipment for determining propet 


coagulation dosage is essential to good 


control of the process. The coagula 


tion “jar test,” made using a multiple 
tirrer, is the best control 
coagulation 
ilkalinity, 
and odor 
minimum of 


laboratory 

Waters 
isually are tested for pH 
turbidity, and 
\lkalinity requires a 
laboratory apparatus and pH can be 


ithr dve 


etermined colorimetrically wi 
For pH, however, it is preferable to 
se an electri pH meter and larget 


requiring 


color taste 


laboratories should be so equipped 
urbidity tests require a turbidimeter 
( olor tests 


colorimeter ome 


either candle or electric ) 
made in a 

utilizes 
other which 


Cali be 
glass 
Nes 


stand | ( lor 


pe of which colored 


liscs and the uses 
containing 


sler tubes 


olutions 


Bacteriological Control 
Where the water suppl 
from a surface supply, particularly in 
flashy 
uman pollution, it is 


taken 
stream, or one ubject to 
desirable to 
ake bacteriological tests on both raw 
nd finished water. The most common 

sts are the bacteria plate count, and 
the presumptive or confirmed test for 
Both require a 


1 
Keepit y nrena 


coliform 
gerator for 


organisms 


red 


and a 


incubator 


constant te miperature 


media 
37°C 


tory glassware and 


Some special labora 
a bacteria colony 
counting device are also required 


Taste and Odor Control 


Most ot the taste and odor rob 
| 


lems in water supplies come from 
rreatment of algz in reservoirs 


must 


alga 
particularly with copper sulfate, 
be controlled according to the type of 
In order to identify the 
laboratory should 


Thine roscoyp al dd 


alge present 
algz 
be equipped with a 
pertinent equipment 


Organisms, a 


Softening 


In addition to pH and alkalinity 
tests in softening, hardness determi 
nations should be made. In _ large 
softening plants more complete chem 
ical analyses are made to determine 
calcium, 


rides, et 


magnesium, sulfates, chlo 
Also, the laboratory is usu 
ally equipped to analyze the chemicals 
fairly well equipped 


purchased \ 


laboratory is require d 


Sewage Treatment 


Many state health departments re 
quire sewage plants to submit monthly 
records of routine tests and in some 
cases stipulate the tests to be made 


according to the size and type of 


treatment plant 


Primary Treatment and Chlorination 


In the smallest plants, where on! 
treatment is used, such 
lank plants, settleable solid 
are required, using the 
test. In some mall 
methylene blue stability 
When chlorination 


chlorine test 


primary 
Imhoff 
by volume 
| mhoff 
plants, the 


test 


cone 


is also made 
used, residual 
should be made but the 
ual 1s not important 

In larger plants utilizing primar 
made will 


is also 


type of resid 


treatment only, the tests 
include suspended solids, B.O.D 
possibly pH alkalinity. If ga 


from separate digestion is collected 


and 


and used, gas analyses may be made 
Where chlorination 1s 
the contro] bacterial pollution of the 


important to 


receiving waters, bacteriological test 
must also be made as well as 
demand tests and chlorine 


tests. Special tests on settleable solid 


chlorine 
residual! 


by weight may also be made 

All of these tests require a certal 
amount of laboratory 
glassware for 
addition, B.O.D 


temper iture 


apparatus and 
specific purposes. In 
test 


20" ¢ 


require a con 


stant incubator 


ati alla 
lytical bath, 
drying oven and muffle. Gas analyses 


Solids determinations require 
balance, steam or water 
require special analytical apparatus, 
but pH, alkalinity and bacteria re 
quire the same equipment as used in 
the medium sized wate 
works laboratories 
same equipment 


large 
Chlorination con 


and 
trol uses the as used 


in water works 


Secondary Treatment 
If trickling filters are used, B.C.D 
Che activated 
requires the 
using 


ire required 
sludge process likewise 
B.O.D. test control 
dissolved determinations 
sludge volume and density determina 
tions. None of these ire any addi 
tional types of equipment to that al 


outlined 


and tests 


oxygen 
require 


read 


Sludge Dewatering 
When sludge is digested 
tests are the 


sludge, Usually 
volatile matter, pl | 


ome con 


raw and 


these are 


trol made on 


dige sted 
total solid matte 


alkalinity equipment 


and lhe Saati ie 


is used as for testing raw sewage. If 


the sludge is dewatered on vacuum 
filter control tests 
determine the proper dosage of chem 


icals. For this control, pH, alkalinity 


are necessary to 


and other special tests may be used, 


but no special apparatus is required 
except a pH meter 

If the dewatered sludge is dried o1 
and volatile 
mace 


incinerated, moisture 


matter determinations may be 


on both the cake and the dried sludge 


Sampling and Control 

sampling 
ind the number of samples to be col 
lected at each point during a day, will 
depend on the size of the plant, the 
degree of treatment required, the re 


he location of pom 


water, etc. In small 
may be per 


sath 


body of 
grab samples 
in medium sized plant 
hour 


ceiving 
plant 

mitted 
ples representing 
of the should be 
composited, In large plants sample 

should be hour and 
composited for the 24 hour period 
Where composite samples are used a 


several out 


day collected and 


collected every 


refrigerator Is necessary the lah 
oratory 
Laboratory equipment in any 


hould be housed ina separate 


ized 
plant 
room (or rooms) well equipped wit! 
benches, sinks, drawers, cabinets an 
other normal! laboratory fixture 


| 
kor 


many tests there are now special in 


struments for making the necessar 


determinations; such equipment 


recommended for the larger plant 
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FOR WATER WORKS FOR SEWAGE WORKS 


PHIPPS & BIRD 


Multiple Stirrer Effluent Sampler 


When several samples are mixed si- 
multaneously under identical condi 
tions the optimum concentration of 
flocculent may be quickly selected and 
translated to plant quantities. The 
mixer takes 1,000 ml. beakers. Speeds 
from 10 to 100 r.p.m. are standard 


Cat. Ne. 77-700 Price $190.00 


ENSLOW 


Stability 
Indicator 


The effluent sampler is the answer to the problem of 
taking samples periodically from effluent streams, rivers, 
etc., for compositing and analysis. Mechanical sampling 
in this manner is more dependable, because the time 
cycle is more precise, and the volume of each sample is 
accurately controlled. The only time required of person- 
nel is that involved in changing receivers. 


This Effluent Sampler is compact, portable, simple to 
operate, with a self-priming pump that lifts liquid to a 
height of six feet, and an easily-regulated by-pass feeder. 


; Practically no maintenance is required. 
For checking the equilibrium of a fin 
ished water, and supplying an index Full operating instructions are furnished with each 


useful in controlling anti-corrosion instrument. Additional electrical outlets are provided, 
treatment 
— along with ample storage space for cord or extra tools. 


Cat. No. 63-895 Price $85.00 
Cat. No. 83-924 Price $187.00 


PHIPPS ABURD, ine. 


Monufacturers & Distributors of Scientific Equipment 
[%s > 6th & Byrd Streets - Richmond, Va. 
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Improved Water Filtrability Test 


( NE serious deficienc y in the labo 

ratory control of water purifica 
tion processes is the lack of a suitable 
method of measuring the varying re 
water to filtration. Many 
years ago, Sir Alexander Houston de 
vised a method to obtain semi-quanti 
values for the resistance to fil 


sistance of 


tative 
tration of waters having a varying 
algal content. His method suffered be 
cause of the lack of reproducibility of 
results, due to the cloth filter medium 
which he employed. It was not until 
1946 that Boucher’ placed the deter 
mination of filtrability on a sound 
basis, both mathematically and experi 
mentally, and so provided an addition 
al valuable aid in filtration plant opera 
tion 

Chis article deals with the results of 
a two-year study of the filtrability of 
raw and treated water at the Hamilton 
Filtration Plant treating water from 
Lake Ontario. Laboratory determina 
tions of the filtrability of individual 
samples have been correlated with the 
plankton content, the actual filter runs, 
and have 


and certain other variables 


been applied to the laboratory evalua 
tion of plankton-removal treatments 
The laboratory determinations have 
been supplemented by the use of a re 
cording filtrability meter, and together 
they have vielded valuable operational 
available 


information not otherwise 


Filtrability Index Apparatus 


Che laboratory determination of the 
filtrability index uses an apparatus of 
the typ de VISs¢ d by Bou her, as shown 
Fig. 1. A 


passes 


schematically in stream of 
filtered through a 
constant head device, B, and through a 
stopcock, C, to a cotton plug filter, D 
\t the top of the tube containing this 


water, / 


filter 1s a trap to remove entrained aut 
bubbles which are vented as required 
through The 
water then flows downward through 
clamped be 


the cock / stream of 
the filter membrane, F 
tween two separable brass adapters, G 
and thence through a flow-regulating 
to a flowmeter, /. A 
connected 


needle valve, / 
differential manometer, M 
to the adapters above and below the 
filter membrane, indicates directly the 
loss of head across the filter occasione d 
by the flow rate indicated by / 
sion for introducing the measured voi 
ume of sample is made by the funnel 
and cock, S 

The unique teature of this appara 


Tus 18 thre 


Provi 


filter membrane, a one-half 


by D. H. MATHESON 


Supt., Water Filtration Plant, Hamilton, Ont., Caneda 


inch dise of ““microscreen”’ mounted in 
a brass holder, and supplied through 
the courtesy of Dr. Boucher, The mi 
croscreen is a remarkable fabric woven 
of stainless steel wires, which presents 
apertures of a maximum diameter of 
35 microns. It is structurally strong, 
identical when one disc is compared 
with another, very stable in its filtering 
properties as used in this apparatus, 
and readily and quickly cleaned after 
use. The fabric is produced on a com 
mercial scale for use in apparatus de 
signed for plankton removal in water 
treatment* 


Operation of the Apparatus 


Che filtrability determination is 
made by establishing a constant flow 
of water through the apparatus, as in 
dicated by J. The loss of head occa 
sioned by this flow through the clean 
filter is recorded as Hy, and amounts 
to 8-10 cm at a flow rate of 200 ml per 
minute. The sample is then introduced 
by operating cock S and cock C simul 
taneously. When this is completed, the 
flow of clean water is re-established by 
reversing the two cocks at the same 
time. The flow is then readjusted to 
the original value by means of J; and 
the loss of head, H,, through the filter 
and the deposited mat of particles 
from the sample, is read from the 


A 
errors, 


























Cc 


1—FILTRABILITY INDEX apparatus, 
the laboratory setup. 


manometer. The disc is then removed 
and cleaned, By using a forceful jet of 
water, no difficulty 1s experienced in 
restoring the disc to its original resist 
ance, The whole determination can be 
performed in a very few minutes and 
is highly reproducible 

Che filtrability index, /, is defined 
by Boucher as follows 


/ 0.385/V In H,/H,¢ 
where / is the filtrability index, 

V is the volume of sample in 
units of 100 mil., 
0.385 is a constant applicable to 
the microscreen filter, and 
H1, and H, are the initial and 
final loss of head values in any 
consistent units 


Che filtrability index determined in 
this way is independent of the viscosity 
of water if the clean water flow is at a 
constant temperature. Within certain 
limits the index is also independent of 
the volume of sample filtered, The vol 
ume, however, should be chosen so 
that the ratio //,//H/¢ is at least 2.0 (in 
order to obtain accurate manometer 
readings ), and less than 4.0 (to avoid 
forcing part of the filter mat through 
the screen by excessive pressure ) 

It is convenient for rapid work to 
prepare a table showing, for a unit 
volume of 100 ml, the values of / cor 
responding to the ratio //,///@ within 
this range. For samples of other size 
the value of / is readily obtained from 
the table by multiplying by the appro 
priate factor. The filtrability index of 
perfectly clean water is 0.0, and in 
creases as the amount of particulate 
matter increases 


Seasonal Variations 


Since the filtrability index is a meas 
urement of the total amount of par 
ticulate matter in water, it may be ex 
pected to vary seasonally as the plank 
ton content varies. Fig. 2 shows a plot 
of the index of the Hamilton Filtra 
tion Plant raw for June and 
July, 1954, during which period the 
turbidity remained within the narrow 
range of 2-5 ppm. The summer in 
crease in the index, from 0.2 to 0.4 in 
the winter, did not appear in this year 
until the beginning of June, and 
reached a maximum value of 2.8 dur 
ing the middle of July. This highly sig 
increase in resistance of the 


water 


nificant 
water to filtration closely paralleled the 
plankton counts made on the same 
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Fig. 2——FILTRABILITY index plot 
Hamilton, Ont 


Index para lels plank ton counts 


Raw water plant 


umples used for the index determina 
oT} 

lhe rapid fluctuations in the index 
ire accounted for by the oscillations of 


1 wel 


Treque ntly 


defined thermocline which is 
established im the 
depth approximating that of the intake 
Caused by variable winds, 
result in the intake 
it different times water from 
the 


plankton concentration is 


lake at a 


mouth 
these oscillations 
receiving 
ibove, at, or below thermocline 
ince the 
greatest just above the thermocline, 
rapid changes in plankton counts and 
in filtrability index are exhibited, and 
ire associated with corresponding 


chang in water temperature 


MAR-APR 43 


Index Correlation 


An correlation 
plankton count and the filtrability in 
dex would be highly desirable, but on 
consideration of the nature of the vari 
ables involved, it is scarcely to be 


exact 


exper ted 

Fig. 3 shows three sets of data ob 
tained at different times when careful 
plankton counts and filtrability index 
determinations were made on the same 
samples, The difference in the slope of 
the trend lines indicates that factors 
other than the areal standard units of 
plankton affect the index. These fac 
tors could be determined by a differ 
ence in the plankton species involved ; 
by general growth characteristics such 
as the length of filaments and the ex 
istence of a gelatinous coating ; and by 
the presence of amorphous particulate 
matter not normally included in plank 
ton counts, occurring in quantities too 
low to cause appreciable turbidity. 

\ very fair correlation is obtained 
when the filtrability index is plotted 
against the length of run of the plant 
filters, as shown in Fig. 4 where data 
of July 1954 are plotted. The curve is 
calculated on the assumption that the 
runs of plant filters vary in length as 
the reciprocal of the index. The scatter 
observed here is attributable not only 
to the above variables but also to the 
effect of varying temperature on the 
runs of plant filters. We must recog 
nize the fact that the index is based on 
individual spot samples collected from 
a variable raw water, while the filter 
run figures represent an average of the 


MAR ‘54 


between the 


raw water variations over a period of 
hours 


Automatic Metering 


Since the determination of the hl 
trability index is of definite value in 
the operation of a filtration plant, 1t 
appeared advantageous to have an in- 
strument capable of performing the 
determination automatically at fre 
quent intervals, and of recording the 
results. Boucher patented such an in 
strument in 1951*. A somewhat similar 
device embodying an available elec 
tric meter was constructed at Ham- 
ilton in 1952, and has been operated 
almost continuously since then. The 
record from this instrument pro 
vides a much more detailed record o1 
the raw water variability than can be 
realized from taking a few spot sam 
ples each day. A sample of the data 
plotted from meter records is shown 
in Fig. 5. The meter record is slight]: 
affected by changes in water tempera 
ture, but by far the greater part of the 
variation shown actually is due to the 
changing filtrability of the water 


Meter Operation 


A schematic diagram of the record- 
ing meter is shown in Fig. 6. We used 
an old-style G.E. recording watt-hour 
meter, incorporating a kelvin balance 
The mechanical portion of the balance, 
A, with the coils removed, was con- 
verted to a recording manometer by 
utilizing the changing weight of a plas 
tic rod, B, suspended from one end of 
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Fig. 3—FILTRABILITY index compared with plankton counts made on the same samples 
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the balance arm and partially im- 
mersed in water in the manometer, C. 

In this unit, it was necessary to use 
as the filter medium a shallow bed of 
very fine sand in place of the micro- 
screen disc. The sand was used since 
it would be difficult to wash the micro- 
disc adequately without the use of a 
iet of water 


Meter Calibration 


The four valves E, Ff, G and Hi are 
operated by a solenoid and function in 
pairs, as in normal filter operation 
The filter effluent passes through valve 
H and to an orifice, /, which serves to 
maintain a substantially constant flow 
since the maximum loss of head 
(amounting to about 10 cm) is small 
compared with the total head applied 
to the orifice 

At the start of a run the recorder 
pen leaves the left-hand side of the 
chart and draws a curved line, plotting 
the loss of head of the filter against 
time and therefore against volume fil 
tered. When the pen reaches the right 
hand side of the chart it starts a cycl 
ing device, which washes the filter by 
actuating the solenoid controlling the 
four valves, and places the filter back 
in operation again. Immediately there 
after, the solenoid energizes a heavy 
buzzer clamped to the filter tube ; the 
buzzer vibration, together with the 
downward flow of water, compacts the 
sand bed to a reproducible density 

The meter is calibrated by determin 
ing the loss of head corresponding to 
each of two graduations at either edge 
of the chart. From these values, 
H,/He is obtained. The number of 
minutes required by the pen to travel 
between these two lines is proportional 
to the volume of water filtered If, 
then, / is determined in the laboratory 
on the water sample delivered to the 
meter, a value can be calculated for 
the constant in the filtrability equa 
tion. Since H,/H, remains constant, 
lm, the index measured by the meter, 
varies inversely with the time interval 
indicated by the chart 

rhe instrument is operated as a sec 
ondary device only, being kept in con 
stant calibration by frequent checks 
with the laboratory determination. The 
instrument readings therefore serve to 
complete the record provided by the 
spot samples determined by the man 
ual method 


Additional Applications 


In addition to its value in interpret 
ing plant performance, the filtrability 
index is an attractive means for study 
ing on a laboratory scale the effects of 
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Fig. 4—CORRELATION curve of filtrability and filter runs 


specific water treatments, especially to as much as 33 per cent in one week, 
those designed for plankton removal presumably caused by the disintegra 

Storage of water in the laboratory _ tion of organisms which have died un 
results in a reduction in / amounting der prevailing unfavorable conditions 
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Fig. 5—FILTRABILITY index determined by automatic recorder 
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and then decreases, apparently due to 
the coagulation of colloidal matter and 
to its subsequent destruction by the 
free chlorine. With a predominantly 
diatomaceous plankton, however, there 
appears to be only a slow continuous 
reduction in / with increasing chlorine 
doses. The chlorine-treated organisms 
settle more rapidly than do those in the 
untreated control samples. Treatment 
of similarly stirred samples with in- 
creasing doses of copper resulted in a 
definite and permanent increase in /, 
presumably due to the coagulation of 
organic matter. Subsequent settling is 
not appreciably better than in the con- 
trol samples. 



































Conclusion 














Continuous yearly records have 
been obtained, by manual and auto- 
matic means, of the filtrability index 
of raw and applied water. These rec- 
ords provide valuable information in 
assigning causes for variations ob- 
served in the performance of plant fil- 
ters, 

The filtrability index determina 
tion is made by the laboratory method 
more quickly than plankton counting ; 
it appears to correlate better with plant 
performance, and it is applicable to the 
laboratory evaluation of treatments 
for plankton removal 
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Fig. 6—AUTOMATIC filtrability meter and control device References 
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procedure, but cannot be done readily dicated that / increases with increasing > €>> 
. 2,572,436 q 
I ech nyu 1 he initial / im chlorine doses up to the break point R&D 


that setthng in laboratory vessels takes 
place uch more rapidly than in the removed by sedimentation 


1 i 
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Copper and Health* 


f such importan is unlikely that health will be injured by copper because, 
| copper sulphate f | copper content is above 5 p.p.m., the taste of the 
article read before } ‘ will wenerally be so disagreeable that it will be virtually 


are given below npossible to drink it 


drinking water after p: . inxiety need be felt about a proper installation of copper 
ng, even if a slight amount ass pipe or tubing, because it has been shown that with acid 
harmful to health. It may ater having a pH value of about 6.5, the copper content is gen 

1] | ' 


about 0.5 p.p.m., even after standing u the pipe lines 


appreciable length of time 
The treatment of reservoirs with copper sulphate to rid them 
undesirable microscopK yrowths has mm ni wus effect on 


} Ie} 
ca } 


ne gallos 
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Determining Copper Sulphate Dosage 


kK’ ERY engineering problem, re 
gardless of its complexities, is 
solved by a common sense application 
of fundamentals. The problem of 
algae control is no exception and must 
be solved by the common sense appli 
cation of fundamentals pertaining to 
this problem. It is with these funda 
mentals which we call the A-3-C of 
algae control that this paper 1s con 


cerned 


Canoe Brook Reservoir 


Che supply at the Canoe Brook sta 
tion of the Commonwealth Water Co 
is derived from a combination of ar 
tesian water and a filtered sur 
face supply. The water is 
pumped from a 
seasons and stored in a reservoir ap 


well 
surtace 
brook during wet 
proximately 204 acres in area, having 
an average depth when full of 11 ft., 
and a maximum capacity of 735 mg 
In an average summer this reservoir 
constitutes a decreasing 
but fluctuating volume of water, en 
tirely exposed to light, with water 
temperatures reaching 80 degrees F. 
The reservoir of the Common 
wealth Water Co. presents three fea 
tures which make the control of algae 
especially difficult. With a maximum 
depth of only 11 ft. when full, it can 
not stratify during the growing sea 
son, so the nutrients available for al 
gae development are used over and 
over again, giving maximum 
Second, light at all times reaches the 
bottom where dormant stages of algae 
lying on the mud are quickly stimu 
lated to tempera 
ture and other are favorable. 
Finally, the subject to 
marked fluctuations in its level. In 
consequence, the small bays and in 
often the chief breed 


constantly 


crops 


activity whenever 
fac tors 


reservoir 15 


lets, which are 
ing grounds for objectionable algae, 
are frequently drained of their con 
Thus the entire 
seeded again and again 
Algae control i 
indeed a problem 
1939 show that it 
mon occurrence to 
culty from luxuriant 
algae, especially Anabaena and Apha 
nizomenon. In 1939, despite frequent 
with sulfate 
through { ictober, 


tents reservoir is 
this reservoir was 
Records prior to 
was not an uncom 


difh 
growths of 


experience 


treatments copper from 


February taste and 
odor trouble occurred in October be 
Ana 


cause of abundant growths oT 


By WILLIAM D. MONIE 


Superintendent, Commonwealth Water Co., Summit, N. J 


baena and Aphanizomenon 


\ detailed study was then made ot 
the A-B-C’s of algae control with 
copper sulfate, with 
sideration of our problem 


especial con 


The A, B, C, of Algae Control 
\—tThe ability 


it is necessary to treat a supply 
b—The ability to determine the cor 
rect amount of copper sulfate to ap 
ply when treating 
C—The ability to apply the treat 
ment so that uniform distribution of 
the copper sulfate is obtained 


to determine when 


When to Treat 


In determining when it 1s necessary 
to treat a supply, the most important 
governing point Is a recognition of the 
fact that one must realize copper ap 
preventive measure 
Therefore, never 


plication is a 
rather than a cure 
wait for consumer complaints before 
treating ; treat in ample time to pre 
vent the complaints 


The _ best 
when it is necessary to treat a supply 


method of determining 
is by microscopic examination. When 
an organism is growing to such a 
point that it may cause trouble, daily 
microscopi and count 
should be made of samples taken di 
rectly from the reservoir. From the 
count and speed or rate of growth, it 
can be determined when the supply 
should be treated 


examination 


There are two points in the above 
paragraph which should be stressed 
1—Samples should be collected di 
rectly from the reservoir for micro 
scopic examination. If samples are col 
lected from a main, or after passage 
from a pump, delicate organisms are 
broken up and some become unrecog 
nizable. 2—In the 
daily microscopic examinations must 


growing eason 


be made. It is surprising how rapidly 
number when 
It is not 


organisms increase in 
growing conditions are ideal 
uncommon to have an organism more 
than triple its numbers within one to 


two days 


From the Canoe 
Brook 


of satety, 


experience at 
certain limits 
which 


determined for 


reservoir upper 


beyond treatment 


was necessary, were 


each organism. These are 


Organism Count" 


Asterionella 1,000- 1,200 
Mallomonas 800- 1,000 
Anabaena O00. BOO 
Aphanizomenon 10- 600 


*Total number of organisms in ten fields 


at a magnification of 100x 


It was decided to apply copper sul 
fate only when an organism reached 
these limits, as it had proven uneco 
nomical to attempt control when the 
Starting to increase 


organism 1s just 


Keep an Eye on the Thermometer 


The growth of different types of 
organisms can be anticipated by the 


temperature of the water, especially 


surface temperatures. According to 
Nelson’, “approximately twenty years 
ago Dr. Setchell, botanist of the Uni 
versity of California, pointed out that 
there are definite ranges of tempera 
ture within which various flowering 
and = higher 
will flower 


begin to 
which 


plants grow 
they 
These critical temperatures 
found to lie close to 5°, 10°, 15°, 20 
and 25° C. (41°, 50°, 59°, 68° and 


His studies showed that as 


ranges at 
were 


77° F.) 
the temperature passed the critical 
were suddenly 
Hydrobiologists 


point certain 
stimulated to activity 
working with algae and protozoa are 
finding similar critical temperatures 


spec 1¢s 


Owing to the more gradual tempera 
ture changes which occur in the water, 
these ranges are more easily recog 
nized and delimited than is the case 


with land plants.” 


It has been our experience that dif 
ferent species of algae have started to 
grow at these There 
fore, as the temperature of the water 


temperatures 


reaches these critical temperatures get 
out your mi roscope and kee pa close 


watch on the algae growth 


How Much Copper to Apply 


much 
that 
we experienced the most difficult 


It was with this factor—how 


copper sulfate to use in treating 


Many times what appeared to be an 


effective treatment three days after 


the application of the salt found an 


aftergrowth of the same organism 
vithin a week of treating that reached 
than 


before the sulfate was applied 


greater numbers were pre ent 
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Many Factors Govern Dosages 


to the question of the 


Iippl Hale’ states I 
ler with waters of dif 


rosition 
' 


with temperature 
the amount of 
» the right dosage to apply 

sr It is a 
msulhicient 


waste ot 
app! an 
maller dosage fails, the 


ge must be applied 


1 waste of chemical 
uffictent 


iste to appl an excess 


aqmount, yust 


' 


| the table based on data by 
d Kellerman, Whipple and 
i tarting and at 
upply it to conditions exist 
plant. Ho of the 
with experiences 
diffeulty was Aphanizo 
table gave a range ot 
per ng 
Furthermore, 

ved that 

ind 4 pounds per mg 
effective for the 


point 


vever;r, one 


vhich we ! 


for the control 
past 
treatments 
had 
control of 
t time or an 
treated 
non with | pound ot 

mg. when 4.2 
rueht be the 
would be 


oOmenot al ore 


realized that if we 


needed, 
treatment 
+.2 pounds per mg 
it one time to be et 
e, if the 
used and ] pound per 
then 


mg would he wasted 


+.2 pounds 


ve done the work 


factors influencing 
copper sultate to use 


algae control 


upply 
be much more scren 
i test that would allow 

himitely how much copper 

ulfate it wa 
ist ill 

1940 the 


practical 


nece ary to use to sat 


onditior In September ot 


uuthor devised a simple 


laborator test to determine 


sulfate 


the amount of copper neces 
iry to use in treating a supply of wa 

regardless of its temperature and 
within certain limi 
irdiess of the typ and 


oT ry 


composition and 
tation rey 


inism present 


The “D. M.” Test 


that the 
mounts of 


additien of 

sulfate to 
ntaming algae resulted in an 
fl the 


found 
copper 
iulkalinity. The amount 


sulfate needed to bring 
ibout this 


the correct 


merease im alkalinity was 


amount to use in treating 


After much experimentatior the fol 
lowing test was developed 
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r sulfate to use in 


oTrygvanisin 


lhe equipment and chemicals neces 
sary for the test are as follows 
a. Six 50 ml. nessler tubes 
b. A sulfate 
strength that 2 ml 
liter of water equals a copper 
sulfate treatment of 1 pound per 
my 
c. Phenolphthalein indicator 
d. 0.01136 N Na OH 
l'o make the copper sulfate solution 
b, dissolve 0.6 gram of 


copper solution of a 


added to a 


mentioned in 
the copper sulfate you use in 1 liter 
of distilled Dilute 100 ml. of 
this solution to 1 liter with distilled 
water of this final solution 


water 


lwo ml 


per liter of sample equals one pound 
of copper sulfate per mg., or 0.1 ml 
per 50 ml. of sample equals one pound 


of copper sulfate per mg 


Test Procedure 


In each of six 50 ml. nessler tubes 
\, B, C, D, E and F, 50 ml. samples 
of the water to be treated are placed 
lo tube A, add 0.1 ml. of the copper 
sulphate solution (b) to equal a treat 
‘to tube B, 
is added to 


ment of 1 pound per mg 
0.2 mil. of solution 
equal a treatment of 2 pounds per mg 

to tube C, 0.3 mil. of (b) 1s 
added to equal a treatment of 3 pounds 
per mg.; to tube D, 0.4 ml. of solution 
(b) is added to equal a treatment of 
+ pounds per mg. ; to tube E, 0.5 ml. of 
solution (b) is added to equal a treat 
ment of 5 pounds per mg. To tube F, 
sulfate is added. These 
samples are then mixed by corking 
and approximately thirty 
times simultaneously 


solution 


no copper 
inverting 


lo the nessler tube F (the blank 
sample) phenolphthalein indicator is 
added. If there is 
of free carbon dioxide present, enough 
indicator is added there is a 
faint but distinct pink color. Then 
the same amount of phenolphthalein 
is added to each of the other samples 


a negative amount 


until 


The samples are compared and the 
tube with the deepest color is the tube 
containing the sample to which has 
added the correct amount of 
copper sulfate to use in treating 


been 


Influence of Carbon Dioxide 


If there is free carbon dioxide pres 
ent( and there usually is), three drops 
of phenolphthalein is added to each 
of the six samples in the nessler tubes 
after they have been mixed with the 
various amounts of solution (b) as 
described above. Then 0.01136N sodi 
um hydroxide is added to the nessler 
tube F (the blank sample) until there 
is a faint but distinct pink color, The 
same amount of the sodium hydrox 
ide is then added to the other five 
samples and the tubes are compared 


for color. The deepest color will be 
found to be in the tube containing the 
sample to which the most effective 
and economical amount of copper sul 
fate to use in treating has been added 

This test is practically the same as 
a free carbon dioxide titration. How 
ever, in the algae test it is simpler to 
have both the phenolphthalein and the 
sodium hydroxide in dropper bottles, 
as the equal amounts can be easily 
added to the sample tubes by counting 
the drops. 0.01136N sodium hydrox 
ide is used simply because finer con 
trol can be maintained on the color 
In waters with considerable carbon 
dioxide, 0.02272N can be used just 
as effectively 

It is important to note that the tube 
with the deepest color is always darker 
than the blank sample Therefore, at 
the correct dosage of copper sulfate 
the water is more alkaline than it was 
prior to the addition of the salt. This 
result is clearly shown in the test i 
respective of the fact that phenol 
phthalein is not a sensitive indicator 
The puzzling factor of the entire test 
is the fact that at a certain concen 
tration of copper sulfate dosage the 
alkalinity is increased, and then with 
an excess of copper sulfate the alka 
linity decreases to approximately the 
same point as it was in the blank 
sample. Therefore the color in the 
tubes rises gradually with the dosage 
increase and after reaching a maxi 
mum the overdosage causes a lessen 
ing color development 

When the “D. M.” test first 
developed the author used a mixing 
machine with liter samples instead 
of the nessler tubes. However, the 
reaction in the test is so fast that the 
results can be obtained quicker with 
equal accuracy using the nessler tubes 

If more than one type of organism 
is present in sufficient numbers it is 
possible to get two or more treating 
points by the “D. M.” test. For ex 
ample, Anabaena and Aphanizomenon 
were present at the same time in the 
water at Canoe Brook reservoir. The 
“D. M.” test two distinct 
treating points, two pounds per mg 
and four pounds per mg. To use two 
would have been a 
mistake as only the Anabaena would 
have destroyed, which would 
leave conditions perfect for the rapid 
increase of the Aphanizomenon 


Was 


showed 


pounds per mg 


been 


Proper Method of Copper Application 


Proper distribution of the copper 
salt through the reservoir water is im 
portant to successful algae control 
Knowledge of the first two steps for 
algae control—when to treat, and how 
much salt to use in treating—would 
be of no value without proper applica- 





example, 
treatment 
of copper sulfate is necessary, then 
the salt must be applied so that the 
water in all parts of the reservoir has 
four-pound 


tion of the chemical. For 


four-pound per mg 


it a 


received approximately a 
Che deeper parts 
in pro 
shallow 


treatment 
reservoir must 
more salt than the 
parts. If this is not done 
tions of the water will be undertreated 


per mg 
of the 


portion 


receive 
some por 


and the algae not killed in these parts 


will remain to re-seed the reservoir 

Here, detailed 
conditions of each reservoir 
made and the method of application 
decided upon alter careful delibera 


In the majority of lakes the best 


again, a study of 


must be 


tion 
method of application is by dissolving 
the copper sulfate from burlap bags 
or perforated attached to a 
boat. However, in some lakes and for 
certain types o! othe 
method of application such as spray 
ing either a solution of copper sulfate 


boxes 


algae some 


or broadcasting the pulverized dry salt 
may be more practical 


Knowledge of Reservoir 
Topography Important 

In order to obtain proper uniform 
distribution of the chemical a knowl 
é ige of the reservoir bottom topog 


consideration 


age 
raphy is an 
If you do not have a contour map of 


important 
the reservoir bottom, make one. The 
points for preparing such a map are 
soundings from a 
northern re 


easily obtained by 


boat or from the ice i 
yIions 

When the reservoir bottom topog 
raphy is known it is a simple matter 
to section the reservoir into areas of 
With 
this knowledge it is possible to ap 
treating so that 
planned 


approximately uniform depth 
portion the salt in 
equitable application can be 
and made. In deep reservoirs usually 
only the top twenty teet need be con 
sidered in treating 


Method of Applying Chemical 


\t the Canoe Brook 
treating is done by 
propelled by an outboard motor 


reservoir the 
boat 
rhe 
chemical is placed in two burlap bags, 
side of the 


means Ot a 


one on each boat, sus 


Diagrammatic Sketch of Canoe Brook Reservoir 


The dotted lines show how reservoir is sectioned for purposes of sampling water and 


applying copper sulfate in 


correct proportion 


to waver depth and algae concentrations 


During algae growing season each section is sampled daily and given microscopic exami 


nation 


f cure holds nowhere more pr« 


pended from frames so that addition 
al salt can be added to the bags to keep 
the amount of salt exposed to the 
water uniform. The strength of the 
treatments is regulated by the level of 
sulfate carried in the bags 

rhe conventional strip method is 
used in treating. After experimenting, 
the strips now used are approximately 
forty feet wide. This width of strip 
allows the reservoir to be treated in 
an eight-hour day with one boat. The 
same width of strips is adhered to re 
gardless of the amount of salt pet 
treatment, the amount of salt 
into solution depending 
amount exposed to the water 

In a case where a reservoir is so 
large that strips 100 feet 
necessary, more than one boat should 


going 
upon the 


overt are 


be used in treating 


Results 


rhe following table illustrates th 
results obtained over a seven-year 
period from 1939 through 1945 at the 
Brook reservoir. In five of 
the 
through the 


Canoe 


these years dosage was 


determined 
‘D.M.” test 


copper 
use of the 


Lbs. CuSO, 
43.750 
11,250 
14,350 
6.200 


Year Treatments 


1939 
1940 
194] 
1942 


believing that the old adage about 


mouncedly than in algae c 


an ounce of prevention being worth pounds 


ntrol 


1943 5,700 
1944 5,200 
1945 5,200 

As shown by this table gratifying 
results were obtained by practical ap 
plication of the fundamental A-B~( 
of algae control. From the last treat 
ment in 1940 the “D.M.”’ test 
used in determining the amount of 
copper sulfate to use in treating 

Chere has not treatment 
where the amount of salt used was 
determined by the “D.M.” test that 
successful, Additional su 
1941 is believed to be duc 
to changes made in applying the fun 
damentals of when to treat and how 
to apply the salt 

(One interesting observation during 
systematic the “D.M.” test is 
that the amount of salt necessary to 
destroy certain organisms 
as the number of the organisms pre 


was 


been a 


was nol 


cess since 


use ol 
Increas 


sent increases until a certain point is 
reached and then the amount of 
required decreases as the organism 
continues to increase in numbers. Thi 


salt 


circumstance is unexplained 
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Continuous Sampler for Deep Sewers’ 


Design Features of a Reliable Automatic Device 


by JEROME WILKENFELD 


Technical Supervisor, Hooker Electrochemical Co., Niagora Falls, N. Y 


ourse ot pollution abate 


at the Hiooker 


| iectrTo 


’ 
pat Niagara alls, 


me apparent that, in addi 
lal ampling oT proce 
tinuous sampling of ef 
on a 24-hr. basi 
onal valuable 


would 
miorma 
ill conditions in the plant 
major proportion of the 
produced at the plant are or 
felt advisable 
© that a 24-h1 


| le could be collected ot 


ture it wa 


ct a umnplet 
extraction purposes 

7] collected directly in 
handled in the 
thout transferring. With 
continuous 


} 


could be 


automate 
designed and installed on 

his 
20-ft 


a relatively steady 


vel leaving the plant 
ocated approximate] 
( ind ha 


unpler built attempted to 
tive displacement pump lo 


rround with a long su 


imive 
e extending down into the sew 


life was extremely short, 


because 
ll 


even small amounts 
olids caused sufhcient 
the pump suction below 
VPlastu pump 


led due to absorption ot trace 


“ice 
ured amount 
organic solvents, which 
In iddition 
ed almost 


unless a 
immediate at 
t lost its prime, the pump 
the 


lor 


due to running dry at 


oh) peeds required 


ill, three types Of posi 
were tried 


mall 


t intervals with a 


ment 


pumps 
if relatively sam 
svs 


ind valves also caused 


itdowns due to plugged 
ver failures 

ind, it 
would 
lift 


peed would he most suit 


limitations in n 
that a pump that 


1 mininun uction 


tie 
kept out 


he ame tine most of 


equipment must bn 


VET due to the 


ha ards ot 
also telt 
itself should 
without the use of 


mospheres. It was 
ill pl 


( collection 


tim 


Industria 


permission of 
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ers or valves and yet sample size and 


frequency had to be closely controlled 


Sampler Description 


Such a sampler has been de veloped, 
and has 


with 


heen in operation since 195] 
only This 
reliable, rugged, and capa 
ble of operating for long periods with 
aminimum of 


nmunor modification 


sampler 1 


Five of 
the 
are considered semi-port 


maintenance 
the samplers are 


plant ° 


now nm use in 
rour 


able and are 


moved to branch sewers 
as desired to assist in determining the 
quality of effluents in localized areas 

Ihe layout of the sam 
pling equipment is shown in Figure 1, 


the complete unit in Figure 2. The 


schematic 


principle of operation consists of using 


a deep-well pump, with the cylinder 


located just above the water level, to 
pump a continuous stream of approxi 
mately 5 g.p.m. of water from the sew 
er. This stream is piped over a sam 
pling tap, which is allowed to 
continuously to a drain cup 


flow 
All water 
not taken as a sample is returned to 
the drain line. 
Mounted adjacent to the sampling tap 
is a %-r.p.m., 110-v. motor carrying 
a 3-cc. glass sample cup pivoted from 
the top In the course of the rotation, 
the cup through the falling 
stream of water and is then tripped by 
a rod, dumping the sample into a col 

lection bottle 

used has a 6-in 


sewer through a 


Passes 


The deep well pump 
stroke and is modified 
to use a two-leather differential plung 
er seal. The cylinder used is a brass 
lined artesian well cylinder with 10-in 

















Construction details of automatic sampling device. 
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stroke and 'e-in. inside diameter 

lt should be noted that all piping is 
of 310 stainless steel and that the box 
containing the pump and sampler is 
mounted on a pedestal base to allow 
air circulation between the manhole 
cover and the equipment. This was 
done when it was found on previous 
types of samplers that flush mounting 
caused excessive corrosion due to 
moisture condensation from sewet 
breathing. An additional advantage is 
the accessibility of the well line cou 
pling allowing disconnecting and re 
moval of the well line without disturb 
ing the pump and housing 


Advantages of Sampler 


In efiect, a portion of the sewage 
stream is brought above ground to the 
sampler. The sampler can be further 
modified to handle other situations 
rhe sample size is easily adjusted by 
changing the cup size, while the fre 
quency of sampling is changed by use 
ota differe nt speed motor. Should the 
collec tion ol samples by periods be de 
sired, a timer-actuated sampling table 
can be added 

Unit described has the following ad 
vantages 

1. It is a slow-speed machine with 
no de hceate timers or valves whi h are 
susceptible to fouling 

2. The construction of the pump 
and sampling mechanism allows satis 
factory sampling of streams contain 
ing suspended solids or other miscel 
laneous materials 
3 Che sample 1s rapidly delivered 
from the stream with little time lag, 
should this be a lvantageous (asin the 
case where a record or control of pH Fig. 2—-Sampler in operation: note housing for protection 
is desired). This is done on one in 
stallation in the pl int, where the sam feed line have been blocked trie pling problem but also 1 ideally 
pler is used for sampling purposes and pumps have run dry for periods of uited for sampling from deep sewer 
for pH recording simultaneously more than 18 hr, without any apparent or r relatively inaccessible loca 

4. Maintenance on the equipment is injury. Several sampling motors have tion lhe ability to handle stream 
low, with the pumping head requiring — been in service for over a year without containing solids without plugging, to 


only occasional lubrication Phe cvlin any repairs be ing required ue ther with the mec hanical re liability 


ders last upwards of three months In general, it has been found that make this a suitable sampler where 


depending on the location and the type this type of sampling equipment is not operation with a minimum of attention 


ot s wage handled (on occasion when onl adaptable to many t pes of sam is desirable 
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Vi \INTENANCE comprises those 
operations which serve to keep 


juipment ar d processes lunctioning 


properly without Re 


interruption 
airs. on the hand, 
undertaken to restore broken or 


other are those 


D 
orn out 


| hese 


equipment to operation 
frequently 
omewhat interchangeably 
therefore, have used 
‘preventive maintenance” 
to avoid any possiblé confusion with 


two terms have 
wel used 
writer 


Coline 


tre term 


simple repair operations, 

In both water and sewage works, 
good plant control includes a program 
ot pre 


been aid that 


ventive maintenance, for it has 
“preventive mainte 


nance is insurance against costly 


re al down 


Essentials of Good Maintenance 


four basic elements in 


maintenance 


1 he re are 
preventive These are a 
thorough knowledge of the equipment 
or process, proper tools, adequate re 
placement or repair parts, and a 
planned program 

Knowledge of equipment can be 
instruction 


with 


manuals of 
the manufacturer 

Knowledge of proc 
esses and process operations can be 
tandard text books and 
the Reference and 
WaTeR & SEWAGE 


vained from 
furnished by 


the equipment 


gained Irom 
inagazine uch as 
Data bedition of 
\VORKS 

pecial tools may be required tor 
instruments, 


irticular apparatus 


machines and equipment or particular 
maintenance operations Regardless of 
the type of tool or its use, they 
hould be adequate and properly sized 
function they are to perform 
furthermore, tool 

a specile place and returned there 
\ good motto is: “A 
and everything 


it be a delicate 


for the 
should be located 
ittet each use 
place for everything, 
in its place whethet 
nent. a Stillson wrench, a 
file 
Keplacement or repair parts 


onl ( illed pare should be 


mstrut Cal 


evel, or machinist’ 
com 
parts 
tocked in numbers according to the 
serviced 
the part 
should be 


labelled and 


location 


machines to be 
life of 
parts 


umber of 
ariel the 
| Ke 


caretully ind 


operating 
too pare 
correctly 
pecit 
i maintenance program 1s 
uperintendent or man 
works 


ter or sewage 


Planned Maintenance Program 

\ preventive maintenance program 
up tor 
every structure 


should he et every piece ot 


r juipment ind every 
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MAINTENANCE 


unit process in a water or sewage 
works system. This program should 
be aimed at accomplishing the overall 
desired objective of preventing costly 
breakdowns or loss of effectiveness 


and efficiency. Such a program will 
involve several factors 

1. Regular periodic lubrication, in- 
spections, cleaning, and replacement 


oft worn parts 

2. Systematic distribution of main 
tenance operations so that such opera- 
tions on different equipment will not 
fall due at the same time. 

3. Systematic scheduling of main 
tenance so that it will be done on a 
definite periodic basis. The use of a 
card record system avoids dependence 
on memory.—‘‘A piece of paper never 
forgets. 

+. A method for adjusting the in 
spection period to fit conditions as ex- 
perience indicates. 

5. Record cards to show date of 
maintenance, type of maintenance 
performed, condition of equipment, 
repair parts used, time spent on main- 
tenance operation, and costs 


General Maintenance Operations 


rhere are certain fundamental op 
erations that can be applied as a part 
ot any preventive maintenance pro 
gram 

Standby equipment should be oper 
ated at regular intervals as should any 
equipment used infrequently. Inspec 
tion of all equipment should be the first 
step in every program 
Cleaning operations are essential to 


maintenance 


maintaining anything in good operat 
ing condition. Lubrication at regular 
times with the proper lubricant is a 
must for equipment whose operation 
involves friction 

Equipment and facilities should be 
protected against damage from care 
less operation, and from careless or 
destructive passers by. Whenever nec 
essary worn parts should be replaced 
and complete disassembly, cleaning 
and repairs may be desirable for some 
equipment at regular, if protracted, in 
tervals. Corrosion may be prevented 
by applying protective coatings 


Specific Maintenance Problems 


(mong the many maintenance prob 
are some which 
they are 
true mainte 


lems which arise there 
out, either 
unique or because their 
nance character is not always recog 
nized 


stand because 


One of the most important mainte- 
nance operations is that of maintain 
ing the carrying capacity of water 
mains and sewer lines. Corrosion and 
merustation or formation in 
water lines often causes a serious loss 
in carrying capacity and pressure loss. 
Cleaning, or cleaning and lining, is 
the maintenance operation to be per- 
formed. Sewer lines may tend to be 
come clogged with debris, stranded 
particles, settled grit and slime 
growths. Cleaning at regular intervals 
is required, but there is no protective 
lining that will help. In both water 
and sewer lines where slime growths 
tend to clog or reduce carrying capac- 
ity, the application of chlorine on a 
regular schedule is a preventive main 
tenance operation. 

Cleaning of wells or performing 
operations that will assure continued 
full supply is termed maintenance 
Filter washing is a maintenance op 
eration, just as is the replacement of 
lost sand. Cleaning sludge beds in a 
sewage plant and replacement of sand 
are likewise maintenance operations. 
So too, is the washing of vacuum 
filter cloths (with or without acid) 
to increase the life of the cloth 


slime 


Maintenance Equipment and Services 


lo aid the superintendent or oper- 
ator there are many pieces of special 
equipment which can be obtained 
from manufacturers. There are also 
maintenance services which can be 
obtained. Outstanding examples of 
special equipment include that for 
cleaning sewers 

Special maintenance services can be 
obtained to and reline water 
mains. Manufacturers of lubricants 
will gladly study any plant and de 
velop both a list of the minmum lu 
bricants required and a lubrication 
schedule. Paint and protective coat 
ing manufacturers offer free consul 
tation and recommendations on pre 
venting corrosion problems 

Many manufacturers of equipment 
offer a maintenance service program, 
whereby for a minimum and 
prorated expenses, a factory service 
man will make regular scheduled 
trips to the plant. Services rendered 
include disassembly, cleaning, lubri 
cation, replacement of worn parts, 
indication of parts showing signs of 
wear, reassembly and adjustment. 
This service is particularly useful on 
complicated mechanisms, instruments, 
etc. in plants which cannot afford to 
have specialists on their maintenance 
staff 


clean 


fee 





R-125 


Preventive Maintenance Practices’ 


Lt.Col., 


y AINTENANCE 

4 sewage and industrial waste treat 

ment plants may be (a) preventive 

(b) breakdown mainte 
a combination of the 


employ ed at 


tnaintenance, 
nance, or (Cc) 
two types. The emphasis in this papet 
on preventive maintenance 
Preventive maintenance can be de 
fined in a number of ways, but essen 
tially it is a scheduled maintenance 
program for keeping the equipment 
nd structures in a good state of re 
pair. It corrects faults in the 
stages, thereby preventing 
breakdowns or interruptions 
\ny plant that conducts a “break 
down maintenance” system only, that 
s, one that maintains only that equip 
ent which breaks down, is using the 
vrong system and can save money and 
reduce headaches, accidents, and in 
terruptions by changing over to pre 
entive maintenance 
Preventive maintenance can be 
in all sizes of plant, from the smallest 
to the largest. It will work whether 
maintenance is being performed by the 
operators of by separate maintenance 


early 
major 


used 


personnel 

For many years large 
have practiced preventive 
nance. The program of preventive 
maintenance described in this paper 1s 
essentially that used in the United 
Army and Air Force 


industries 
mainte 


States 


Essential Requirements 


Certain requirements are essential 
to any 
nance program 

1. Training of all operators or main 
tenance personnel in proper operating 
procedures and preventive mainte 
practices 
»ystemati 


successful preventive mainte 
They are as follows 


lance 
2 and periodic inspec 
by skilled personnel 


mainte 


tion and servicing 


3. Assignment of 
nance responsibilities to operating pet 


spec in 


sonnel 
+. Supervision of the program 
If any one of these 
not contained in the program, the pro 
gram stands less chance of being su 
cessful 


requirements ts 


Training 


lraining not only includes instruc 


tion in technical maintenance pro 


ind Industrial 
permission of 


*Reprinted from Sewage 
Wastes, Vol. 26, p. 329, by 


FSIWA 


by F. A. SANDERS 


U.S.A.F. institute of Technology, Air University Command 


Wright-Patterson Air Force Base, Ohio 


cedures but also must explain to th 
personnel why preventive maintenance 
is being started, how it will function, 
what each employee's part will be, 
what records are to be used, and how 
they are to be used. In other words, 
training also includes selling the 
gram to the personnel 


pro 


Inspections and Services 


Systematic and periodic inspections 
and servicing is the heart of the pre 
maintenance program, Main 
inspections and services are 
made at specified intervals. Every 
piece of equipment and every struc 
ture is inspected, faults are noted, and 


ventive 
tenance 


corrections are made on an established 
schedule based on predetermined fre 
quencies, The inspections and services 
extend from the maintenance 
procedures of checking for cleanliness, 
heat, vibration, lubrication, 
and leaks to complete disassembly of 
the equipment on a periodic basis 


basic 


excessive 


Record System 


The backbone of the whole system 
is a record of inspections and services 
performed and the actual work 
performed. This part of the program 
is the hardest to sell to the personnel 


performing the 


to be 


maintenance, but is 
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Fig. 1—TYPICAL service card record card for utilities equip pection. 
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equally essential to the program, The 


form of 
records he 


usually abhors any 
Complex 
courage the personne] 
ich of their time, cause 
confidence in the 

ul to falsifying of re 


ventually result im a 


ope ratorfr 


pro 


ord ind ma ‘ 


beautiful set of records that are serv 


ing no 


I he 


purpose 
record tem should be simple, 
Dhe 
Small plants 


i adequate records 


ment tool 
ilequately with one rec 
data 
yreater 
effectivel 


tie record card 


d supplemental 
plant with a 
onnel may 
Large 
better opportunity to 
ords, to determine when 
justifiable to replace 
vhether faults in de 
or in tallation are 


e maintenance costs 


tem employed in the 


lize one record card 


eparate torms are usual 


' 

or each major separate 

including acces 

hus, the 
includes 

If in 


ervicing operations on 


nent 
to operate it 
ewaye 


pump 
nd float control 


prepared for one or 


wnponents of the unit 


reterence to | igure 1. the pro 


ling out the form ts as 


ipment number leach 


piece 
ition 

build 

equip 
ible 


number of 


ment is given an iclernitifie 


how S the 
the 


‘ rititl ber 


ure if which 
d and rake if 


betweet i 


poss 
mothe 


| hve 


but im 


equipment l 
enough cle tail 
d readil 


maintenance to he 


rititve 


ob title and name of 
porn ible tor 


W here 
me thi 


mainte 
operator per 


hould be the 


ate the 


iall oper 


bhi 


lores 


reters to item 
\n 

f onnel in 
thre (jl ) It ha 
for ci 


manual used 
maintaining 
no practi al use 
in plants. Manufacturer's in 
structior ror maintenance can be used 
number 
to them 

Chis is a short 


work that the per 


is a guide and a reference 


yvstem util ed to retet 


‘ 
, 


Vor} to be done 


tatement of the on 


performing the maintenance will have 
to do. Thi 


column acts as a check list 


mainte 
cutie . sO 


ror the ne 


on pertorming the 


nance and gives him 


Sper it 
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Gather data, 
list items, and assign 
equipment numbers 


| 
} 


List applicable items and work to be done, 
paying no attention to frequency. 
Work sheets useful in most cases. 


Transfer work sheet data to record card, 
with items in chronological frequency. 
Assign duties to personnel 


Cards to Cards to 


maintenance 


Cards to 
maintenance maintenance 


personnel personnel personnel 


Work performance by maintenance 
personnel (operators) 


SUPERVISION 
Review of work performance and record 
cards 


Fig. 2—FLOW diagram of card record han- 
dling for preventive maintenance. 


that there is no doubt about what he 
is supposed to do 

6. Reference. This also refers to the 
previously mentioned manual and has 
no practical use for civilian plants 

7. Frequency. Frequencies of oper 
ations are established, based on local 
experience and that of the equipment 
manutacturet 
evaluated after 


way by reviewing the cards 


bre quencies may be re 
the system is under 
\fter the 
program is rolling along it may be 
found that fre juencies should be ex 
tended, as evidenced by a fewer num 
ber ot corrections being required 
I he 


day or 


8. Time column shows 
the 
due 
nual 
prevent rush period 
schedule. The season should be chosen 
when work can be done best 
Record, On the 


date, item number, and 


tine 


specifi month service 1s 


(Quarterly, semiannual, and an 


Inspections can le staggered to 


and conflicts in 


UY Service back ot 
the the 


initials are 


card, 


recorded whenever main 
performed If 
the 
the inspector he requests skilled help 


the thy 


tenance 1s service 


needed is bevond capabilities of 


and enters request in “work 


done column 


Supervision 


One of the failings of some preven 
tive maintenance programs is lack of 
supervision. Too often 


started 


a program 1s 


and then left to run itself 


rhat is poor management in any busi 
ness. The supervisor must start the 
program and then follow it up con- 
tinuously by praising maintenance 
personnel when credit is due, spot- 
checking equipment and records, ana- 
lyzing the maintenance performed and 
equipment failures to evaluate the re 
sults of the program, and reviewing 
the program from time to time in order 
to improve it. Personnel should be 
kept informed of the over-all results 
of the program so that they can see 
and understand where they are reduc 

ing breakdowns and costs 


Starting the Program 


If it is planned to start a preventive 
maintenance program, management 
should first sell itself on the program 
completely. The responsible party 
should then plan it thoroughly and 
study all of its ramifications until it is 
known frontwards and backwards 

\ survey should be made of all of 
the equipment in the plant and data 
gathered from the name plates 
data will be placed on the record cards 
and used to order manufacturer's 
maintenance and instruc 
tions not already available at the plant 
\pproximately 40 to 50 cards are re 


I hese 


operation 


quired for a sewage plant serving an 
Army or Air Force base of 
mately 35,000 residents. Examples of 
required are 


approx! 


equipment and the cards 
as follows 

N of 
Equipment Cards 
Grit chamber 
Sluice gates 
Comminutor 
Settling tank, including sludge 

collectors 
Pump and motor 
Venturi meter 


several at same 


Gaas chlorinator 
Valves, several at location 
lrickling filter 

The 
waste plants may find it ady 
use a duplicate set of inspection and 
record cards, as the \ir 


Army do. When this meth 


od is used one set of cards is given to 


large sewage and industrial 


isable to 


servicing 
Force and 


the personnel who perform the work 
and the master set is kept in the offices 
At the beginning of the month the 
operator's cards are turned in to the 
supervisor! entries are checked to in 
sure that all work was accomplished 
and a summary of trans 
ferred to the master file 


entries 1s 
Che summary 
includes difficulties en 


countered by the operator, work or 


any spec ial 


ders required for maintenance, and a 
consolidated entry of items checked 
Small plants will find that the super 
visor can use the operator’s cards to 
do his checking and analyzing of the 
program and will not require a dupli 


cate set 





Summary 


Preventive offers a 


maintenance 


planned program for keeping major 
troubles from developing, ior it 
little lett 


row into big problems. It 


repall 


is the things’ unattended 
that car 
has pre ed tseift in all 


dustrie 


~ 


t ype Ss ofr in 


Elements of a good preventive 


maintenance program include 
gy ofr 
thei 


the pe rsornnyre | until 
iob 


know 


Discussion 


Chief Engr. and Supt., Minneapolis 


( olonel 


benefits to 


| nt papel 
llustrated the 
from the 


Sanders has 1 


be 1 ealiz prac tice ot pre 


ventive untenance In any sewaye 


treatment with 


pl int, 
e | 


installations 


special retet 
nited State \rmy and 


force 


ventive maintenance 

Minneapolis-Saint Paul plant fits in 
with the ideas Chis discus 
herefore, is devoted principally 
maintenance at Minne 
Paul to further illustrate 


brought out in the paper 


practice 


pre sented 
on 
to preventive 
apolis Saint 
the point 

At the 


recora ire 


District, careful 
kept of all maintenance 
required in order to 
ompare weat the equip 
nent and to facilitate the ordering and 
spare parts Che Dis 


rict currently has a 15-man mainte 


Sanitary 


work and part 


and life oT! 
tock ing Of \ ital 


nance department consisting of a 


laintenance engineer a shop tore 


ian, two electricians, five machinist 


mechar ics, one machini t’s hel pe Se 


three repairmen, one and 


painter, I} 


ip hitter, 
the d 1) shift 
en called 


' 
t 
' 
1 WOTK 
min {5 


).¢ xcept W 


down t for emergency re 
held 


rgency calls 
a program oO! pre 


\long with the 


plant 
pairs ich em are 
to a minimum b 

entive maintenance 
Maintenance Department the operat 
ng stall aiso plays an u 
n this 


operators 


portant part 
fact. two utility 
pend the major portion of 


prograin in 


their ventive maintenance 


WorTrk more com 


d Industrial 


permission of 


Systematic and periodic inspection 

and servicing 

\ssignment of specific re sponsibil 

ities 

Supervision of the program 

\ record system of the inspections 
and servicing is but it 
should be simple. The record card de 
scribed herein can be modified to meet 
lf the record system 
does not serve a useful purpose it is a 


necessary 


local conditions 


waste of time: however, if it does not 


serve a useful purpose usually some 


of “Preventive Maintenance Practices” 


by KERWIN L. MICK 


plicated pieces of equipment, making 


adjustments, et 


In addition to the work of these two 


greasing, 


utility operators, each operating shift 
is assigned a definite list of equipment 
ind areas in the plant to keep clean, 
adjusted, greased, and inspected for 
good operating order alt all times. ‘The 
greasing chart in the plant shows just 
what pieces of equipment each shift is 
responsible for and the frequency for 
performing the greasing operations 
In addition, there is 
to remind the plant operators of 
ous jobs to be done at more or less i1 
Figure 1 illustrates 
nature, These 
cards are kept in a file in the office and 


a card system 


Vari 


regular intervals 
a sample card of thi 
twice a month those cards which are 
due for 

placed on the plant operator’s desk 
Che file clerk retaims 
each card withdrawn so that she may 
check that the card is returned 
within a other 


action are withdrawn and 


a duplicate of 
to set 


time; in 
the 


reasonable 


words, to that work has 


insure 
bee nN done 

lypical 
which 


of 
include 


tor each 


maintained, 


operations, 
a card 1S 
monthly opening and closing of sel 
dom used valves: quarterly chec k of 
the air lock gates, seats, air filter bags, 
etc., in the pneumatic conveyor for 
dry and monthly turning 
over by hand of spare units of moving 
blowers 


} | 
CHeMNCAIS ; 


equipment such as the and 
vacuum pumps for the sludge vacuum 
filters. As another example, each shift 
is assigned by card two grit chambers 
to drain down and inspect the grit col 
lectors washers 
The electricians 


schedule for checking and o erhauling 


and once a month 


have a regular 


Saint Paul Sanitary District, 


R-127 


thing else is wrong with the program 
Figure 2 is a flow diagram of the rec 
ord card procedures from gathering 
the data to be placed on the card to 
final review of the cards by the supe 
visor 
Preventive maimtenance is not a 
cureall for all problems of mainte 
nance at a sewage or industrial waste 
yet it a long way in 


plant ; will go 


solving the problems 


" 


St. Paul, Minn 


of electric motors, motor controls, and 
relays more than 300 mo 
tors in the plant, ranging up to 75 h.p 
in size, and about 400 circuit breakers 
rhe scheduled frequency of overhaul 
depends upon the usage of the motor 


| here are 


For any 
done by the maintenance crew, 
(Figure 2) i 


attet 


repair work which has to be 
a main 
initiated 
which it 


tenance order 
by the plant operator 
the 


the chief engineer 


maintenance 
lhe 


hows the name, lo 


must be signed by 


engineer and 
maintenance ordet 
cation, and code number of the equip 
ment, and a brief description of the 
necessary. The 
the a 

the 


used 


work helieved to be 
ror 


record 


order also contains space 
department to 


labor 


counting 
and materials 
on the repair job, Each piece of equip 
number, 


itself identifies the equipment as to 


amount of 


ment has a code which in 
and item number 
more than YOO 


orders are 


location type, 
In the 

of these 

pleted 


average year, 
maintenance com 
At the close of each week, there 
all 


not 


is prepared a 
out tanding 


typewritten list of 
nmiaintenance orders 
yet completed, and another list of the 
ordet comple ted during the prece ding 
After the close of each month, 


there is prepared a typewritten list of 


Weck 


all yobs completed that month, giving 
the date, iob number, work done, and 
These list 


Maintenance en 


and material costs 


are distributed to the 


labor 


gineer and the plant operator in charge 
hift so that the y mas 
abreast of the status and cost of 
maintenance work 

\ few 


ventive 


ol ear h 


kee p 
ill the 


othe typical example of 


pre maintenance work may le 


of interest 
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: trie 
plant contam ap 
mi. of sludge colle 
1,500 sludge 
There is 


vorth of chain in these 


crapers 
or ir 
JO O00 


ipproxl 


yinal chain is still in use 


ludge 


ervice 


© oTt 


lot gitudinal collectors 
irs of Preventive 
responsible for 
Mea ure 


trom year to 


largely 
ervyvice record 
been taken 
year on the barrels of the 
i= worn through to 
turned over, be 


ind 1953, the 


chain wa 
1x ettling tan} 
for new cham im 
be approximately 

the material cost to 

in over (new attachment 
ibout $1,000. When the 

the sprockets are 
rod to 
hape 


ad ovet 


velding with N 
original tooth 


tellite (very 


hard co 
ipplied to each oT the 
Lhis 


uning down the tank, x 


tig how Call he done 


ti necessary to weld new 


trips on the rails in the tanh 


more economical than 
ot wearily hoes, 
ise be nece ar 


not used, ach set 


pumped down ind BI 


Tha 


maintenance 1 


a veat t yp of chan 

ilso done 

concentration tanks and in 
t 

other 


unple of preventive 


tenance found in the sludge 
I he Main 
Department piped water to 
top é sludge 


mall copper tube to insure 


Tih 


pump pi 


TAT? 


tons and packing 


ich pump piston 
ugh a 
tion of the pistons and pac king 
is reduce the wear. Chevron 


installed in these pumps ha 
to date 


SOT pac h 


even years ol 
it] 


seT vice 


in use, (ther type 
| ted three 


Irom one to 


\nother type of preventive mainte 


illustrated by the installation 


nan is 
of bulkhead 


lerground 


in the Minneapolis un 


Venturi meter vaults to 


close them off trom a section of open 


sewer, Formerly these vaults and their 


equipment were dripping wet, with 


resultant heavy corrosion and electri 


| With the aid of the bulk 


cal tailure 
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Cote So, )-12.1 


Description of Equipment:- Garage Boors 


Building Operster 
Sereen & Grit Chamber Bldg. 


Work Assigned to:- Shift *c* 





























Assign. 
— 


—EE 








SERvICe 4mECGED 
































Fig. 1—EXAMPLE of service record inspection card. 


MINNEAPOLIS SAINT PAUL SANITARY DISTRICT 
MAINTENANCE ORDER 


TTIMATE! 
MPLETED Ct 


MPLETE 


i: 





Fig. 2——-TYPICAL maintenance work order filled out. 


ieads and a small %- to hp. ven 


ti!ating fan installed in each vault, the 


latter are now maintained in a dry 


condition, free from excess moisture 


and objectionable sewer gases 

rhe installation of a small ventilat 
ing fan in another underground vault 
containing an electrical control panel 
likewise has eliminated the rapid cor 


rosition which formerly prevailed 


there. 

At the Minneapolis-Saint Paul 
Plant the maintenance cost has aver 
aged approximately 14 per cent of the 
total operation and mainte 
nance for the past 12 years; it is cur 
rently running between 15 and 17 per 
cent, gradually increasing as the plant 


cost oft 


gets older 





V. WATER WORKS OPERATIONS 


IS plenty of water for all 
and mankind 
Unfortunately, it is not always at the 


= RE 

the uses needs of 
ocation where it is needed most. The 
Mississippi River system carries oft 
billions of gallons of unused water 
daily. Through the Great Lakes sys 
tem pass more billions of gallons of 
water each day. Down the Columbia, 
the Colorado and the great rivers of 
Canada likewise flow more billion gal 
And yet there are vast 
areas where there isn’t enough water 
industry, or even 
One of the biggest 


lons each day 


for agriculture, 
community life 
problems of the water 
to obtain an adequate supply for the 
needs of his 


works man 1s 
domestic and industrial 
mmunity 


Source of Supply 


Water is found in the atmosphere, 
on the surface of the earth and below 
he surface of the earth. Water in the 
itmosphere is precipitated and falls to 
he earth, where it collects in lakes, 
ponds and rivers that run to the sea, 
or it sinks into the ground where it 

stored or used by vegetation which 
it to the atmosphere. Water 


from the seas evaporates to help re 


returns 


Jenish the supply in the atmosphere 

Water in the atmosphere and in the 

eas is not usable directly by man 
Man obtain his from 


fresh 


must water 


surface waters or from the 


The development, mainte 


sup 


ground 
and water 
plies are important functions in water 
works operations. The supply must be 
it must be of a quality that 
pro 


nance protection of 


idequate ; 
can be treated: 
tected against 

Che procurement of water looms large 
work 5 


and it must be 


undue contamination 


a problem for water man 


yers 


Distribution 


Of what use is water if it cannot 


be placed where man wishes to use it ’ 
It is the function of a distribution 
system to deliver water fo its point of 
use, This system will include pipes 
or conveying conduits that bring wa 
1e consumer 


ter from its source to tl 


li is customary to refer to a distribu 
tion pipes 
and appurtenances which carry the 
treatment plant or 


system as the network of 
water trom a 
pumping station throughout the com 
munity served, Transmission main ts 
the term usually applied to large con 
duits which carry water from a dis 
tant source to a treatment plant o1 
distribution system. 
Included as an important 
water works operations are the design, 
construction, and 
transmission mains and dis 
systems, including pipes, 
hydrants storage 
elevated or 


part ol 
maintenance oper 
ation ot 
tribution 
hire and 
either 
Design will be concerned with 

sizing for desired 
construction with main lay 


valves, 
tanks, at ground 
level 

proper carrying 
capacity ; 
ing; maintenance with prevention o1 
remedies for loss of carrying capac 
ity, tuberculation and corrosion 
ation with service connections, meter 


, Oper 


installations and meter reading. No 
matter what the size of a community 
the distribution system is a highly im 
portant part of the water works 


Treatment 


When the available supply of wate! 
is not free of undesirable constituents 
it must be treated before use. The kind 
of treatment processes used depend 
on the nature of the undesirable con 
stituents to be removed. Small 
amounts of suspended matter can be 
removed by long sedimentation periods 
in reservoirs, When waters are more 
turbid due to relatively large amounts 
of suspended and colloidal mattes 
chemicals are added to coagulate the 
turbidity and sedimentation is pro 
vided to allow for natural removal of 
most of the coagulated turbidity, Fil 
tration through sand will remove prac 
tically all of the remaining turbidity 

Bacteria are removed largely by co 
agulation, sedimentation and filtration 
Such bacteria as are not removed by 
these treatments can be killed by dis 
infection with chlorine or other agents 
Tastes and odors may be removed by 
with activated carbon or 
and 
ind odors are due 


treatment 
chlorine 
If tastes 


sometimes by aeration 


to nnucro 


scopic growths they may be controlled 
by treatment to kill the organisms 

If the constituents which make wa 
ter undesirable are dissolved mineral 
chemical treatment known as softet 


used to remove the offending 


ng 1s 
minerals which are the salts of cale) 
um and magnesium. If 


ron or mial 


ganese are present in undesirabl 


amounts, they too are removed b 
chemical treatment 

These use of these treatment pre 
cesses to improve the quality of water 
is commonly termed, water purifica 
tion, regardless of the number of pro 


Nearly all 


supplies are subjected to disinfectio 


cesses employed wate 


if only as a precautionary measurs 
Most surface water supplies are cf 
agulated, settled and filtered a 
well 


wel 


Some surface and 
oftened 

Water purification or 
a tunction of water works 
that require both skill and knowledge: 


Coagulation 


supplies are 


treatment 1 


oye ration 


sedimentation and filtra 
tion are trequently discussed together 
a water purification or treatment 
(On the other hand, three processes j 
water treatment are of sufficiently di 
related character that they are treate: 
as separate topics in any discussior 
oft water works practice hese are 
(1) (mainly 

) 


lor disinfection ), (2) 


chlorination, employed 
ottenme 
which includes the lime-soda proce 

and the 


(3) 


ion-exchange proce , ane 


iron and manganese ret 


Other Operations 


water worh 
flov 
trumentation and 


{ ther 
include oT 


operations im 
course pumping 
measurement, in 
control, chemical handling and feed 
ing, 
corrosion control, laboratory 


coagulation and sedimentation 
control 
all fume 


tional operations that apply to bot! 


and maintenance, These are 


water and sewage work operation 


Material on each of these operation 
has been presented and discussed i 
Section IV of this Reference & Dat 
Data E-dition of Water & cwagt 
Works 
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FILER & STUWELL 
SLUICE GATES 


MANUAL 
ELECTRIC 
On 
CYLINDER 
OPERATED 


The sturdy design of Filer & 
Stowell Sluice Gates furnish long 
trouble free service. Where the 
conditions are tough, F & S Gates 
have earned their reputation for 
unsurpassed ruggedness, contin- 


uous and low cost operation. 


They are fully bronze mounted: 
including bronze seats on the 
frames and gate leaves and ad- 
justable side wedges: also top 
and bottom wedges when required 
by operating conditions. 


Filer & Stowell Sluice Gates are 
available in all standard sizes 
and also special sizes or designs 
to meet your unusual conditions. 


Consult Bulletin 753 for com- 
plete data and specifications. 


THE FILER & STOWELL COMPANY 


147 E. BECHER STREET, MILWAUKEE 7, WISCONSIN 
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SOURCE OF SUPPLY 


AINFALL in the United States 

averages 30 inches a year, equal 
to 432,900,000,000,000 gals. per year. 
Some of this water enters the ground 
and returns to the atmosphere by 
transpiration through vegetation 
Some of the ground water returns to 
the surface. Some of the surface 
water evaporates directly, most of the 
the ocean reservoirs 
diagram 


rest returns to 
Lhe accompanying 
what happens to precipitation ; 
are expressed as percent of total and 


she ws 
values 


are approximate 


Surface Supplies 


The quality of surface water de 
pends on the area and character of 
the watershed including its geology, 
topography, domestic development, 
time of year, et 

streams are 
tent than ponds or lakes. Streams con 
sist of direct runoff, overflow from 
seepage from high ground 
be natural 


more variable in con 


lakes, o1 
Pollution of 
(turbidity, color, odor, organic matter, 


streams may 


man made (sew 
Chere are 


dissolved solids ) or 
ge and industrial wastes ). 
c 


major drainage 


states, 


] 
{ 


nited each with its own 
quality characteristics 
Impounding reservoirs are basins 
created by damming a surface stream 
watershed 


is the total 


to store runoff from the 
The yield of a 


prec ipitation on 


reservoir 
a watershed, less the 
Yield is calcu 
lated in gallons per year or per day 
Safe yield is the yield re 
corded or ¢ x pect d under the most ad 
rainfall conditions. Draft is the 
that will be 
function of a res 


evapo-transpiration 


minimum 


verse 
quantity of water drawn 
for actual use. ‘The 
ervoir 1s to store water from high flow 
for use during periods of low precipi 
tation and runoff 

In planning for an impounding res 
ervol 
given to the required capacity, the 
possibility and effect of siltation, and 
tl 
( ther 


le effect of storage on water quality 
problems include those of pub 

flood control and the 
construction and operation of the im 


pounding dam 


ic health and 


| taTeow 
1007 














basins in the 


careful consideration must be 

















Diagram showing what happens to rainfall 


Ground Water Supplies 


Ground water occurs in aquifers 
principally in sedimentary porus ma 
terials, buried river valleys or beds of 
glacial deposits, and 


Sands, 


ancient lakes, 
caverns in limestone districts 
gravels and sandstones furnish most 
of the ground water supplies in the 
United States 

Che quality of ground water de 
pends on the material through which 
and the solvent 
on that 


the water passes 


action of the water material 
Bacterial pollution is usually absent 
in ground water ¢ xcept in some Case 
where pollution from above the sur 
face is discharged below the wate 
table or reaches the aquifer through 
crevices in the overlying earth covet 
(Ground usually cold 
colorless and is often hard due to dis 


olved salts of calcium and magnesi 


water is cleat 


um, Temperature is usually constant 
wells 30 to 60 ft. deep i 
above the 


and for 
gener’ ally a 
annual 


few degree ; 


average temperature for the 

region 
Underground 

springs, shallow wells, infiltration gal 


supplie . may he 


leries, or deep wells. The Ranney 
Water Collector is a “water mine,” a 
combination of a central dug well with 
radial driven wells at its bottom, 

Che location of wells by divination 
or dowsing is considered to have no 
basis in scientific fact, but is still popu 
lar with individual well owners, Other 
more scientific methods of well loca 
tion include the geological approach 
and geophysical prospecting. 

In the location of wells, considera 
tion must be given to sanitary condi 
tions existing on the surface and the 
must be properly 
avoid interference. The construction 
of wells depends on depth, and the 
type of strata into which the well is 


wells spaced to 


sunk 

Important to water 
tors of ground water supplies is the 
proper development of well capacity 
Development is the term applied to 
methods for increasing the yield of a 
well when it is constructed, Methods 
used for developing sand wells include 
surged, 


worl ks opera 


surging. Rock wells may be 
blasted, or wire brushed 

Well pollution, operation and main 
tenance are the particular concern to 
the operator of a well. Pollution may 
include sewage, industrial waste, gar 
bage and ashes and salt water, Pas 
ticularly important in coastal areas | 
intrusion 


Operating problems include 


alt water 
hort 
age of! supply or sand in the water 
Disinfection should be practiced as a 
matter of precaution, (Jperating pro 
cedures should include complete re« 
drawdown 


levels, 


ords on pumping levels, 


measurements, recovery and 
pump operation Recharge of depleted 
may be by artificial method 


return 


aquiters 


preading, wells, recharge 
sewage reclamation 

the term applied to 
maintaining or restor 


well 


over a 


wells, or even 

Maintenance is 
procedures for 
ing capacity o1 production ot a 
that has in output 
pe riod of use. Methods used for main 


decreased 


tenance include reducing pumping 
rates, lowering of pump bowls, clean 
ing clogged screcn by surging, aci 
chlorination or calgon treat 
Wells that can not be restored 


usually abandoned 


dizing, 
ment 


In Capacity are 
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PRESTRESSED CONCRETE STEEL-CYLINDER PIPE 


AWWA Spec. C301-52 


PRICE BROTHERS COMPANY, P.O. Box 825, DAYTON 1, OHIO 











Prestressed Pipe was designed by research 

und structural engineers from a combina- 
n of materials, each to do a specific job, 

ind to provide a combination of advan 
es found in no other pipe 


/ cylinder to provide water tight- 
ind high beam strength 


(par structural concrete 
permanent and sustained 
without tuberculation or cor- 


A wrapping of hieh tensile steel wire 
nder tension to prestress the steel cyl 
nder and concrete core thus permitting 


high pressure without tension in these 


aterials 


A rubber and zinc coated steel expansion 


provide flexible, watertight con- 


outside encasement of rich cement 
to protect the entire waterline 














W 
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HOW PRESTRESSED CONCRETE STEEL-CYLINDER PIPE 
MEETS THE REQUIREMENTS FOR A WATER LINE 


LIFE EXPECTANCY 


SOU ACTION—On Price Prestressed Pipe 
only concrete is exposed both inside and 
out. Concrete is “at home” in the ground 
It cannot rust or corrode, and almost al 
ways actually gets harder and stronger the 
longer it is underground. Umderground 
concrete water lines in Mexico and France 
are still m excellent condition after hun- 


dreds of years. 


ELECTROLYSIS—Price Pipe has never been 
affected by electrolysis. 


STRENGTH 


BEAM STRENGTH—The steel cylinder en- 
cased inside Price Pipe and the structural 
concrete core provide an exceptionally high 
beam strength. 


BURSTING STRENGTH— The combination of 
a steel cylinder, prestressed high tensile steel 
wire and concrete make Price Pipe shatter 
proof. Sudden and complete failure or 
bursting is all but impossible 


GALLONS OF WATER DELIVERED 


INITIAL RATE OF FLOW—Wich Prestressed 
Pipe, water flows over concrete, which 
equals the highest flow coefhcient of any 
pressure pipe structural material 


LONG TERM RATE OF FLOW—Concrete not 
only retains its high “C” value, it often 
increases because of a slippery surface that 
forms on the concrete Tests in Louisville 
show an increase trom a “C” of 145 in 
1931 to a “C” of 149 in 1948. Tests in 
Denver show an increase from 141 in 1925 
to 150 im 1943 


TUBERCULATION AND ( ORROSION— 
Under ordinary circumstances Price Pipe 
will never corrode or tuberculate. After 
years of service, it will have exactly the 
samme diameter and be pust as smooth as 


when installed.* 


JOINTS—The rubber and zinc-coated steel 
joint on Price Pipe is flexible. It can adjust 
to expansion, contraction, vibrations and 
settling without leaking even with high 
internal pressures 


MAINTENANCE 


CLEAN OUT—Price Pipe will neither tuber- 
culate or corrode, and will require no clean- 


ing out 


RELINING—The structural concrete core of 
Price Pipe serves as its lining. It is held in 
compression by the wrapping ot high ten 
sile steel wire and is an integral part of the 
pipe. It does not chip or disintegrate. Relin- 
ing is never required 


BLG-W UPS—Blow ups and resulting floods 
are all but impossible with Price Pipe. Its 
lesign makes it shatterproof 


TAPPING Any water-works serviceman 
can tap Price Pipe, under pressure, using 
regular type, long travel tapping machine 
with a carboloy tipped cutter. The design 
of the tap actually makes the pipe s/ronger 
at the point of the tap 


cost 


ORIGINAL COST—Price Pipe, in spite of its 
long life, sustained capacity and great 
strength costs no more than other types 
of water pipe. Under certain conditions it 
may even be considerably less 


INSTALLATION — On most installations a 
back hoe both digs the trench and lays 
Price Pipe, resulting in speed and low cost 
This is because of the self-centering joint 
on which steel takes the backload and rub 
ber forms the seal. Contractors generally 
bid lower on the installation of Price Pipe 
than any other type of water pipe 


PUMPING COSTS Price Pipe’s flow co 
efficient stays high and the bore stays 
smooth. Pumping costs do not rise as they 
do with some pipes. 


LONG TERM COST — Here's where Pre 
stressed Pipe really shines. Add to low 
original cost the advantages of no clean 
outs, no relining, no blow ups, absolute 
minimum leakage, and lower pumping costs 
plus the permanency of concrete . then 
you have /rue economy 


YOUR REQUIREMENTS 


PRESSURES—Prestressed Pipe can be de- 
signed for any pressure common to Ameri 
can waterworks practice with adequate 
reserve strength for normal overloadings 


SPECIALS — Connections and fittings are 
readily available. They are manufactured 
of reinforced concrete and custom tailored 
to the design requirements 


SIZES—Prestressed Pipe is available in 16 
foot lengths and in diameters of 16”, 20 
24”, 30”, 36”, 42”, 48” and larger 


DELIVERY — Price Pipe is available fron 
plants in Dayton, Ohio, and Miami, Fla 
On large jobs a portable plant can be set 
up on the job site. 


OTHER TYPES OF CONCRETE PIPE—Pricx 
Brothers Co. also manufactures Concret« 
Steel Cylinder Pipe, Not Prestressed 
Subaqueous, Sewer and Culvert Pipe 


INFORMATION — Price Brothers engineers 
know pipe line problems. They will be glad 
to help in any way they can, without obli 
gation. For booklets on Manufacture, Laying 
and Tapping, write Price Brothers Co 
P. O. Box 825, Dayton 1, Ohio. For gen 
eral information mail the Reader Service 


Card. 


*In isolated instances, bat not common in 
America; algae and sponge formations will col 
leet on the inside of all types of water lines 
Rare soil conditions may affect the permanence 


of any pipe material 





A Completely Adequate Source of Supply 


THs discussion will summarize 

problems relating to the develop 
ent Of satistactory sources Of water 
supply, both surface and under- 
ground, and will then discuss approxi 
mate construction costs of developing 
the two types of supplies. It must be 
borne in mind that each water supply 
indertaking is a problem in itself 
and that no definite yardstick can be 
set up which will accurately estimate 
the cost of all types of water supplies 

Che unit cost of developing a water 
supply from a large river, such as the 
Delaware, is considerably less than 
that for developing a supply from an 
nland stream where it is necessary) 
to construct a dam and an impound 
ng reservoir The cost per gallon ot 
developed water yield of an under 
ground source is less in an area where 
the subsurface is sand, such as areas 
in New Jersey, than it ts in a rock 
formation which is usually encount 
ered in most parts of Pennsylvania 
ther factors which bear upon the 
cost of a completely adequate and 
satisfactory source of water supply 
ire the distance of the supply from 
the filter plant or distribution system, 
and also whether the water requires 
pumping or flows to the point of us 
age by gravity. Therefore, the esti 
mated costs which are presented in 
this discussion should be used with 
caution 

In the development of these cost 
lata, a completely adequate and sat 
sfactory source of supply has been 
considered as one which will produce 
water of proper quality in satisfactory 
quantities for both domestic and in 
lustrial purposes. The water must be 
potable or capable of being made 
potable by treatment. The municipal 
ity or industry which obtain a 
potable supply from surface waters 
without treatment, other than chlor 
is rare and fortunate indeed 


can 


ination 


Planning for Future Growth 


An adequate supply must provide 
for the future growth of both popu 


by FRANCIS S. FRIEL 
Cansulting Engineer 
Philadelphia, Po 








From a 
Symposium of Papers on 
Water Service and What It Costs 


Mr. Friel’s is the second of four papers comprising a symposium 
on ‘Water Service and What It Costs’’ presented at the Annual 
Meeting of the Pennsylvania Water Works Association in Atlantic 
City, N. J., in October, 1954. The other three were published in 
the magazine section of WATER G SEWAGE WORKS. They are 


What Constitutes Reasonable Water Service 
Completely Adequate Water Treatment 
A Completely Adequate Distribution System 








lation and industry. Where new 
plies are being considered, the pro 
jected demands on the system should 
be estimated for a period of at least 
future—and future 
forecasts should be reviewed from 
time to time, possibly each year. It is 
demands 


sup 


25 years in the 


prudent to overestimate 
rather than to underestimate, especial 
ly where it is economically feasible 
to provide for surface water which 
will make possible industrial growth 
and increased domestic usage 

Past experience indicates that many 
supplies are inadequate. L, D. Matter 
reported’ that during 1953, 56 public 
water supplies in Pennsylvania were 
dangerously low; as a result, restric 
tions were placed upon the use of wa 
ter for such purposes as car washing 
and lawn sprinkling. Of these 56 sup 
plies, 21 found it necessary to obtain 
from auxiliary or 
sources continuously through the 
1953 dry period and until April, 1954 
[he communities which were affected 
from 500 to 


these water 


water emergency 


ranged in population 
80,000, The 
shortages was the increased water de 


cause of 

mand coupled with the dry season 

and subsequent low stream flows 
fo. €s 


Paulsen’, in discussing the 


report of the U. S, Geological Surve 
on “Public Water Supply Shortages 
1953” has presented statistics on the 
number of water 
drought and supply failures or other 
causes, as 1,072, or 6.2 per cent of all 


shortages due to 


systems reporting.® The data in Table 
l are from this report 


Increased Demands Cause Shortages 


lt is of interest to note that 38 per 
cent of the systems serving over 100, 
000 population were faced with water 
shortages ; and that 30 per cent of the 
systems serving populations between 
50,000 and 100,000 persons had the 
same experience. It is further signifi 
cant that 51 per cent of the 1,072 
cases of water shortage were caused 
by population growth and increased 
seasonal use 

Chere has been a sharp rise in the 
use of water not only in Pennsylvania, 
but all over the country—and fail 
ures in certain water supply system 
have been inevitable because of the 
great demands made upon them. These 
failures are accentuated in 
when droughts are widespread, such 
as occurred in the Summer of 1953, 
and which continued to the 
present 


scasons 
have 
W.&8.W. 


REFERENCE & Data— 1955 








TABLE | 
Public Water Supply Shortages— 1953 


No. of Systems Ex- 
Systems Short periencing 
Reported ages a Shortage 


Less than |,000 8,433 349 4.1% 
00 to 5,00 6,047 371 6.2% 
000 to ), 000 112 130 120% 

00 to 25,000 ri 86 20% 
ux ) ),00% 2 34 5. 0% 


No. of 
Population 
Group 


ux ( ) 32 30.0% 


38.0% 


64% 





[his discussion of water shortages 
has a direct bearing upon the cost of 
a fully adequate and satisfactory 
ource of water supply, because it 1s 
necessary the 
ments of design which contribute to 
failure and which should be pro 
vided for in an adequate system. The 
ance by the U. S. Geolog! 
y, of the 1,072 systems which 
reported shortages, revealed 
that a water supply was assumed to 
when it was unable 
customers’ peak de 
compelled to restrict 


to consider basic ele 


reconnal 
cal urve 
watet 
have a shortage 
to supply its 
mands and wa 
the use of water 

\nother 
Public Works 
que tionnaire 
supplying a population of more than 
3,000 his that 
these shortages were grouped into 

al | hose 
water supply, 

b) Those due to inadequate treat 


early in 1953, 
made a 
works 


‘ xample 
V agasine* 
urvey ot water 


survey revealed 


due to an inadequate 


ment facilities, and 

hose due to inadequate dis 
tribution facilities. Fifty-five per cent 
the shortages as reported by this 
urve attributed to 
exceeding water supply 


peaking, about 6 per 


of 
were demands 
Generally 
water supply sys 
States, serving 


ill publi 
nited 


cent of 
tems im the | 
about 24-million customers, restricted 

1953. For all 
the predominant 


the use of water in 


hortages reported, 
reason was due to inadequate water 
increased population and sea 
variation and use. Of the 1,072 
reported to the U. S 
logical Survey, drought or failure of 
supply alone counted for 


an additional 


supply, 
wT) il 
hortage ; (,;¢0 
the water 


ind contributed to 


lt is pertinent to this discussion to 
water withdrawn from sur 
in Pennsylvania in 19515 
for public supply purposes was 1.2 
billion gallons per day, that 
taken from sub-surface supplies was 


112-million More 


note that 
face supplie : 


while 


gallons per day 


W.&8.W ReErPeReENcE & DaTtTa— 1955 


than 90 per cent of the water used 
in Pennsylvania for public supply pur- 
poses is surface water and less than 
10 per cent is from underground 
sources. The cost data presented in 
this paper will, therefore, dwell upon 
the cost of developing a fully ade- 
quate and satisfactory surface supply, 
and will bear only slightly upon the 
cost of an underground source 


Surface Water Supply Sources 

A surface water supply is obtained 
by collecting and storing the runoff 
resulting from rainfall. The runoff 
will vary greatly from State to State, 
and for locations within a State. Since 
the water used comes as rainfall, we 
must look into rainfall and runoff 
records for information to use in the 
design of a surface water supply. 

Climatological data published by the 
U. S. Weather Bureau, and water 
supply papers published by the U. S. 
Geological Survey, together with in- 
formation assembled by State agen- 
cies (such as the Pennsylvania De- 
partment of Forests and Waters) are 
most important to the design of a 
surface water supply. The rainfall at 
different points in the area under con- 
sideration is derived from standard 
rainfall gauges supplied with the cli- 
matological data. 

Gail A. Hathaway, Assistant to the 
Chief of Engineers, U. S. Depart- 
ment of Defense,* has stated: “The 
average annual precipitation in the 
United States is about 30 inches, of 
which 70 per cent returns to the at- 
mosphere by evaporation or by tran 
from growing vegetation 


spiration 
leaves a water yield of about 


This 
8 5 in hes 

This yield is available in our 
streams and through tapping 
underground storage areas, but is not 
distributed uniformly over the United 
States. In fact, some of our greatest 
problems are due to maldistribution of 
water supply, both as to time and geo 


wells 


graphic areas. For example, 17 west 
ern states constitute about 60 per cent 


of the land area but receive only 25 
per cent of the nation’s water supply 
The runoff for these 17 western states 
inches. On the 
31 of our 


about 16 


averages less than 4 
hand, the runoff for 
eastern averages 


other 
states 
inches.” 

In Pennsylvania we are fortunate 
because our average rainfall is ap 
proximately 42 to 46 inches per year, 
and the runoff will vary between 17 
and 22 inches per year. The rainfall 
and runoff will vary in different sec 
tions of the State, and the runoff will 
with the character of 
the watershed. The flow in many 
streams run below 0.25 cu. ft. per 
second per square mile, while during 


likewise vary 





TABLE 2 
Yield vs. Storage Required 
Water Supply Yield 
In Gallons Per Day 
Per Square Mile 


200,000 gallons 
300,000 gallons 
400,000 gallons 
500,000 gallons 
600,000 gallons 
700,000 gallons 
800,000 gallons 


Storage Capacity 
Required in Million 
Gallons Per Sq. Miles 


15,000,000 
30,000,000 
50,000,000 
70,000,000 
90,000,000 
125,000,000 
160,000,000 





maximum flood periods the flow in a 
stream might increase as much as 200 
times the minimum. This condition 
exists in the Delaware River. The 
problem, therefore, is—at times too 
little, and at times too much. 

The question is “How much water 
shall we provide in a completely ade- 
quate and satisfactory source of sup- 
ply?” The answer to this question is 
that it should be adequate within eco- 
nomical limits to supply the peak de- 
mands. Generally speaking, the aver- 
age rate of water consumption will be 
approximately as follows: 

(a) The average water consump 
tion will be approximately 100 gallons 
per capita per day. This includes 
moderate industrial usage. 

(b) The consumption on a maxi- 
mum day will be twice that of the 
average day 

(c) The maximum con- 
sumption for a 3-hour period will be 
approximately 3.5 times the average 


rate of 


daily rate 

(d) The maximum rate of 
sumption for a l-hour period will be 
4-times the average 


con 


approximately 
daily rate. 

From personal experience in a mu 
nicipality with a population of over 
40,000 persons, the following results 
were observed on July 13, 1954, dur- 
ing a peak day period 

(a) The average water consump 
tion is considered as 100 per cent 

(b) The consumption on the maxi- 
mum day was 157 per cent of the 
average. 

(c) The maximum 3-hour 
sumption was 382 per cent of the 
average 

(d) The maximum hourly 
sumption was 520 per cent of the 
average. 

Another example during the 1954 
dry Summer period, in a municipal 
water plant serving some 16,000 per- 
sons, can be reported. The maximum 
hourly demand was at the rate of 6 
million gallons per day, as compared 


con- 


con- 





- 


to an average daily demand of 1.5 
million gallons per day. 

These maximum daily demands do 
not affect a surface supply as much 
as they do an underground well sup- 
ply and the transmission main capa- 
city from the reservoir. The daily de- 
mands, however, do have a definite 
bearing upon the design of a filter 
plant, pumping equipment, distribu- 
tion system and storage facilities. 


Storage of Surface Supplies 


The question may be asked as to 
when storage is needed on a river. It 
is a rare instance when storage is not 
required on an inland stream. Gen- 
erally speaking, storage is required 
when the natural flow in a stream is 
less than that required for water sup- 
ply purposes plus the water require- 
ments of the downstream riparian 
owners. 

Phe 1930-33 drought period should 
be used as the criteria. A typical ex- 
ample applicable to this question is 
the situation which occurred in Han- 
over, Pennsylvania, during the 1930 
drought period. The daily demand up- 
works was 1.5 million 
gallons daily, and during the periods 
of maximum dryness the flow in the 
less than 200,000 gallons 
daily. This water supply agency was 
in serious trouble. The situation was 
corrected by the construction of im 
pounding reservoir facilities 


on the water 


C reek 


Reservoir Depletion Curve Diagram 


The so-called mass diagram or res- 
ervoir depletion curve diagram is a 
most useful tool for the engineer to 
use in determining the quantity of 
carry a water! 
extended dry 
accuracy, of 


storage 
supply 


weather 


necessary to 
through an 
period. Its 


course, depends upon the accuracy of 
the data used in developing the mass 


flow 
syn 


actual stream 


available, a 


diagram. Where 
gagings are not 
thetic curve can be produced from 
data obtainable from stream gagings 
on adjacent streams 

It is first necessary to determine the 
quantity of storage to be provided in 
a reservoir, and this is established 
from the mass diagram; and then it 
is necessary to prepare an area 
capacity curve of the reservoir. This 
establishes the elevation of the water 
in the reservoir to provide for the 
storage required. The discussion of 
this phase of water supply problem 
appear to be irrelevant to the 
subject at hand, but it is background 
material necessary to establish the 
basis upon which the cost estimates 
presented herein have been developed. 

It is common knowledge that, in the 


may 


period between May 1930 and July 
1933, the lowest flow on record oc- 
curred. It is good practice to design 
a storage reservoir based on the as- 
sumption that the 1930-1933 drought 
will reoccur in the future. The safe 
yield from a reservoir to provide a 
fully adequate and satisfactory source 
of supply should, therefore, be based 
upon the minimum stream flows as 
they have occurred in the past. It is 
good judgment to think that the worst 
conditions have not as yet happened. 


Design Criteria and Cost Data 


Certain approximate design criteria 
are presented in this discussion be- 
cause they have a bearing on the de- 
termination of the storage capacity 
which might be developed in a res 
ervoir to produce various yields of 
water each day from a drainage area 
containing one square mile. This in 
formation is presented to assist the 
reader in evaluating this cost data, be 
cause, the cost of providing surface 
storage varies materially depending 
upon local physical conditions.’ The 
values presented in Table 2 are ap 
proximate in nature and should be 
used with caution, The data will vary 
depending upon the size of the water 
shed, the stream runoff and other lo 
cal factors 


Surface Water Supply Cost 


A unit which might be established 
as a basis of presenting the cost of a 
surface water supply is the “cost per 
million gallons daily of safe yield of 
water.” Naturally, the cost per mil 
lion gallons daily varies greatly de 
pending upon local conditions; and 
in order to present worthwhile data, 
eight actual cases will be cited, all 
based on the actual experience of the 
author 


1. Case of Chester, Pa. 


As far back as 1870, the City of 
Chester, Pennsylvania, located along 
the Delaware below Philadelphia, ob 
tained its water supply from that 
river. Because of the high pollution 
load at the water works intake, it was 
necessary for Chester to construct a 
new inland source of supply. In ad 
dition, Chester was faced with a peri 
odic problem of combating the in- 
trusion of salinity from the lower 
bay. There was sufficient volume of 
water in the Delaware River for 
Chester to obtain all of the water it 
needed at a low development cost, 
but the quality of the water was not 
satisfactory. 

Chester moved from the Delaware 
River to an inland source of supply 
on the Octoraro Creek, 40-miles from 


R-135 


the City. A 2.5-billion gallon capacity 
impounding reservoir; a filter plant 
and pumping station ; 45 million gal- 
lons of water storage on the distribu 
tion system and 40-miles of trans 
mission main were constructed at a 
cost of over $14,000,000. The popula- 
tion served is somewhat over 100,000 
persons, The cost of purchasing the 
land for the impounding reservoir, 
road relocations, the construction of 
highway bridges, the clearing, grub 
bing and demolition, and the construc 
tion of the dam itself, including all 
appurtenances, was $2,900,000, ex 
cluding overhead. 

The yield from this reservoir, under 
the drought conditions of 1930-33 is 
30 million gallons per day for water 
supply purposes, not including the re 
leases required by the Pennsylvania 
Water and Power Resources Board 
(amounting to 0.25 cubic feet per sec 
ond per square miles of watershed 
area.) The drainage area is 139.6 
square miles. The dam is an earth em 
bankment dam with a combination 
side hill spillway and Tainter gates 
rhe cost per million gallons daily 
yield from this reservoir is $96,700.00 
based on 1948 construction costs 
($136,000 based on 1954 costs). 

rhe yield from the Octoraro Creek 
has not been fully developed. When 
necessary, additional storage can be 
installed to increase the yield to at 
least 75 million gallons daily. The 
Chester reservoir is a fully adequate 
and satisfactory source of water sup 
ply, with the design taking into con 
sideration the future growth of the 
area served and the additional de 
mands of industry. When the new 
supply was constructed, the water de 
mand averaged 12 million gallons 
daily. In 1954, the daily demands in 
creased to almost 18 million gallons 
daily, At times the peak demand ex 
ceeded 20 million gallons daily 

In the case of Chester, the cost of 
the 40-mile pipeline and the pumping 
station should be considered in evalu 
ating the total cost picture, It is perti 
nent to state that the cost per foot 
of the 48-in pipe complete in place 
was $29.00: the cost of the 42-in pipe 
was $26.00 and the cost of the 36 
in. pipe was $21.00. The period re 
quired for the development of the 
Chester supply, including preliminary 
investigations and construction was 
about 5 years. Previously it had been 
talked about for a period of 5 years 


2. Case of Altoona, Pa. 


years, the City of Al 
faced with a water 
shortage, and it is believed that in 
dustry has not been attracted to that 


For 


toona 


many 


has been 
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WATER STORAGE—Table Rock Reservoir, Greenville, $. C., created by an earth dam on South Saluda River 


shortage. Ihe 


recently de 


or this 


\ltoona has 


way to 
ncrease water supply facilities 
The additional supply will include an 
reservoir with 900 million 
located on the 
Run Watershed 
e estimated cost of this res 
$1,780,000; and the yield 
million gallons per day 
1930.33 drought conditions 
truction cost is $510,000 per 
rallons daily of 
constructed as an 
side 


now under 


impounding 
llons total capacity, 


Mill 


are mule 


safe yield 
lam will be 
with a 


embankment dam 


pillw ij 

\ ield of 3.5 
suits ina 

most 800 thousand gallons per day 
This watershed will be fully developed 
tor water upply purposes lhe high 
cost per million gallons daily of safe 
from the small area of 


million gallons daily 
mile watershed re 


rom 


qu ire 
yield per square mile of al 


yield results 
the watershed 
The unit cost at ¢ hestet of $136, 
000 might be compared to $510,000 
per million gallons daily yield at Al 
toona Attention 1s called to the fact 
that the larger watershed area and 
the smaller impounding reservoir re- 
| cost per million gal 


sult in a lower 
yield 


day ot 


lons per 


3. Case of Partial Yield Development 


3 involves the construc 


Case No 


tion of a dam on a stream with a stor 
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age capacity of 4.4 billion gallons, 
and having a watershed area of 71 
square miles. This dam will be a con- 
crete structure with an overflow spill- 
Way 

Ihe estimated cost of the dam and 
impounding reservoir, including road 
relocations, bridges, clearing, demolli 
tion, grubbing, etc., but excluding land 
acquisition, engineering and other 
overhead, is $4,140,000. The yield 
from the project is 16.5-million gal 
lons per day 

rhe cost per million gallons daily 
yield is $250,000 based on present day 
prices, In this instance, the yield of the 
stream will not be fully developed 
Additional storage reservoirs will in 
crease the 71 square mile watershed 


yield 


4. Case of Overflow Dam 


Case No. 4 involves a concrete dam 
with an overflow spillway. It has a 
capacity of 1.95 billion gallons; a 
surface area of 78 acres; and a drain- 
age area of 21.4 square miles. 

The estimated yield from this de 
velopment is approximately 7.5-mil- 
lion gallons daily and the construction 
cost is estimated at $1,300,000. This 
results in a cost per million gallons 
daily yield of $175,000 


5. Case of Costly Road Relocations 


Case No. 5 involves a water supply 
reservoir with a concrete dam storing 
approximately 2.0 billion gallons. The 


drainage area in this case is 21.6 
sauare miles, and the estimated cost 
is $950,000. The yield is approxi 
mately 7.5 million gallons daily and 
the approximate cost of the develop- 
ment is $127,000 per million gallons 
daily. 

This case differs from Case 4 in 
that expensive road relocations are re 
quired in Case 4 which are not re 
quired in Case 5. Both of these ex 
amples include land acquisition but 
do not include overhead. Neither of 
these watershed areas will be fully 
developed for water supply purposes. 


6, 7 and 8. Cases of Large Dams 


[hese cases involve the estimated 
cost of constructing three large dams 
on the Delaware River and its tribu- 
taries as proposed by the Incodel 
project. They compromise the Wall- 
pack Bend Dam, the Cannonsville 
Dam, and the Fish’s Eddy Dam 
These cost data trended to 1954 con 
are summarized in 


struction costs 


Table 3. 
Underground Water Supply Sources 


In developing completely adequate 
and satisfactory source of under- 
ground water supply, the criteria dif- 
fer from those which are used in de 
veloping a surface supply. If water 
storage facilities equivalent to be 
tween 18 and 24 hours usage, under 
the maximum demand day conditions, 
are provided on the distribution sys- 








TABLE 3 


Summary of Cost Data 


Est. Cost 
Trended 


Reservoir to 1954 


$ 59,028,42 
48,162,500 
114,712,647 


Wallpack Bend 
~annonsville 


Fish’s Eddy 


for Three Large Dams 


Cost 
Per 


M.G.D 


Cost per 
Mil. Gals 
Storage 


Storage 
Billion 
Gallons 


Yield 
M.G.D 


$118,000 
130,000 
240,000 


$941.00 
547.00 
973.00 


91 500 
88.1 371 
117.8 479 








TABLE 4 
Cost and Related Data on Gravel Packed Wells 


Case 
Case 9 
Morrisville, 


Pa Del 


Year Drilled 195 
Size of Outer 
Casing 

Size of Inner 
Casing 

Depth of Wel 
Yield——_GPM 
Head of Pum 
Cap of Pump 
G.P.M 

Cost of Well 
Cost of Pump 


Total Cost 
»tal Cost Price 
Trended to 
Oct , 1954 
st per 1|OO G.P.M 
Yield as of 
1954 


st per million 


Oct 


gals. daily as of 
Oct., 1954 


Rehoboth 
Beach, 


10 
Case 13 


Millville, 
N.J 


Case 12 
New Castle, 
Del 


Case 11 
Novy Yard, 
Philo 


| 1945 


24’ 





then a deep well supply should 

e capable of supplying the maximum 
daily demand with at least one stand 
well. On the other hand, if the 
capacity of the facilities on 
e distribution for 

mple, only 5 hours of water usage, 


storage 
system 15, ex 
the deep well supply should be 


Ol 


hen 
leveloped for the maximum rate 
consumption for a 3 hour period, o1 
approximately 3.5 times the average 


laily rate with at least one standby 
» 1] 


Underground Water Supply Costs 


An analysis has been made of five 
different well supplies, which are des 
ignated as Cases 9 to 13 inclusive. All 
these supplies are gravel packed type 
wells and are equipped with deep well 
turbine pumps. The ind other 
lata regarding these wells 


lable 4 


cost 
deep ire 


iven in 


rhe cost per 100 gallons per minute 
yield from a deep well supply, invol 
ving gravel packed wells, will vary 
from a minimum of $1,740.00 to a 
maximum of $4,620.00. This is a 
bare bones” and not in 
clude connecting piping, electric lines, 
ete 

If, however, a rock well is drilled 
with a probable yield of considerably 
less than a gravel packed well, then 
the cost per 100 gallons per minute 
yield usually will be greater than that 
of a gravel packed well. In certain in 
stances, large volumes of water have 
been obtained from rock wells, thus 
resulting in low cost water 


cost does 


Summary of Cost Data 


[he tabulation in Table 5 
marizes costs on the thirteen different 
water supply projects which have been 


sum 


discussed 


Conclusions 


\ completely adequate and satis 
factory source of water supply should 
consider the future growth of a com 
munity, and water agencies will be 
prudent to anticipate an increased de 
mand in the design of supply facili 
ties. A water supply project should 
look forward to a growth at least 25 
years in the future; where a supply 
can conveniently extended, such 
as in the case of a deep well source, or 
where new surface supplies can be 
made available, then it is unnecessary 
to construct facilities for the too dis 
tant future 


be 


It is difficult and expensive to en 
large dams and tunnels, Dams should 
be constructed to develop the full res 
ervoir site capacity. when 
ically feasible, even though the design 
at the present does not require it. This 
necessarily mean that the 
watershed area should be 
developed, This development 
can be done progressively in step 
fashion. Tunnels and long pipelines 
which cannot be enlarged while still 
being kept in service should be built 
to anticipate a distant future 
demand than the 25-year period 


econom 


does not 
stream 


fully 


or 


more 


A good example of step construc 
tion on a long pipe line is that which 
Chis 40-mile 


transmission main was designed for 


was utilized at Chester 


a capacity of 30 million gallons daily 
The pipe structurally 
for a pressure in excess of the pres 
sures when the 
flowing at the rate of 30 million gal 
Provision was made in the 


was designed 


created water was 
lons daily 


line to install, when necessary, a 
booster pump which would make pos 
sible an increase in the capacity of the 
pipe line from 30 million gallons daily 


to 40 million gallons daily. This same 





TABLE 5 


Cost Data Summary 


Cost per M.G.D 


Type of Supply 

$136,000.00 
$510,000.00 
$250,000.00" 
$175,000.00 
$127,000.00 
$118,000.00 
$130,000.00 
$240,000 
23,600 
12,200.00 
5,300.00 
15,800.00 
15,200.00 


Surface 
Surface 
Surface 
Surface 
Surface 
Surface 
Surface 
00 
00 


Surface 
Well 
1¢ Well 
1) Well 
12 Well 
13 Well 


* Exclusive of land acquisition 


we we 
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provision was made in the pipe which 
conveys the water from the impound 
ing reservoir to the filter plant. The 
Chester pipe line as presently con 
structed hould be capable of serving 
the municipality for more than the 
next 25 years: and, when the booster 
pumps are installed, the line will then 
be capable of serving Chester for pos 
ibly 50 years in the future 

ince cost is a controlling element 
in reaching a decision in planning for 
the future, step construction is good 
when it is carried out in ac 
a predeveloped plan. 


prac tice 


cordance with 


a good example of com 


Finally 
pletely adequate and satisfactory 
ource of water supply, constructed 
at a cost which the traffic will bear, 

ilso provided by the City of Ches 
facilities were con 


The supply 


structed at a cost of $136,000.00 per 
million gallons daily safe yield based 
on present day construction costs. 
The stream with its impounding res 
ervoir will yield 30 million gallons 
daily. A reasonable future growth has 
been anticipated. The 1954 Summer 
peak demand was 20 million gallons 
daily. For the past 3 years, this mu 
nicipality has enjoyed the benefits of 
a satisfactory and adequate source 
of water supply at a reasonable cost 
The supply has successfully handled 
the population increase and the added 
industrial load 
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Water Well Operation and Maintenance 


4 por value of efficient operation 
and maintenance of water wells is 
often too little appreciated. More at- 
tention is generally given to the initial 
installation of pumping equipment 
than to the construction of the well 
itself or to its subsequent operation 
and maintenance. The operation and 
maintenance of water wells should not 
be included in the problems of pump 
ing but should be regarded as a 
separate problem directly related to 
ground water conditions and well 
constructior 

©. E. Meinzer, formerly chief of 
the Ground Water Div., U.S 
logical Survey, said that the 
most urgent problems in water hy 
those relating to the 
rock formations will 
wells in specified 
areas, not during a day, a month, 
or a year, but permanently. Although 
this statement was made with the 
problems of ground water supply in 
mind, it also applies to the construc 


(,€0 


once 


drology are 
rate at which 
supply water to 


tion, operation, and maintenance of 


water wells 

\ll water wells fall into two class 
es: shallow and deep rock. Shallow 
wells obtain their water from uncon 
solidated formations lying above the 
while deep-rock wells ob 
from the basal rock. The 
construc 


basa] rOCK 
tain water 
and methods of 
greatly for the two types 
Consequently, the problems 
with well and 
maintenance are partially dependent 


techniques 
tion differ 
ot wells 

connecte operation 


in use 


wells must depend on 
openings of some kind in their casings 


to let 
ron k wells 


water into them, while deep- 
depend on openings in the 
formation for their water supply 
These openings in shallow wells vary 
from the open bottoms of well casings 
to all sorts of punched, perforated, 
sawed, and burned openings 
Carefull well screens are 
serve two purposes : to let 
water into the well and at the same 
time to keep out the finer particles of 
the formation in which the screen is 
placed. Many shallow well failures 
are due to poorly designed casing 
openings or inefficient well screens 
There are other 
ly 


ures. but the 


even 
designed 


intended t 


causes for well 


three most common 


cle is reprinted from the 


p. 252, by permission 


By E. W. BENNISON 


» Engr., Edward E. Johnson, In St. Paul 


1. Failures due to the casing open- 
ings or screens becoming clogged, in- 
crusted, or corroded. Such failures are 
indicated by increased drawdowns or 
by the continuous pumping of fine 
sand 

2. Failures due to pumping the 
ground water reservoir at rates in ex- 
cess of the rate of replenishment 
Such failures are indicated by a 
cumulative lowering of the static and 
pumping levels in the well, accom 
panied by a decrease in capacity. 

3. Failures due to faulty initial well 
construction or to mechanical deteri 
oration of the well during its life 
Such failures are indicated by diff 
culty in setting and operating pump 
ing equipment, by partial or total col 
lapse of the well casing, or by con 
tamination of the water 
pumped. 

Before anyone can properly oper 
ate or maintain a water well, he should 
have a working knowledge of the 
probable causes of well troubles and 
what can be done to eliminate them 
Like human beings, water wells live 
only so long, regardless of how well 
they are constructed and cared for 
during their lifetime. Fifty years is 
a long life for the average water well 
Shallow wells are shorter lived than 
deep wells, but all of them fail sooner 
or later 


being 


Incrustation and Corrosion 

Every operator of a water well 
should have some knowledge of the 
basic principles of incrustation and 
corrosion. Corrosion of metals is a 
chemical action set up by the environ- 
ment to which they are exposed, re- 
sulting in the deterioration or eating 
away of the metal. /ncrustation, on 
the other hand, is an accumulation of 
mineral salts or other extraneous mat- 
ter in and immediately behind the 
openings in a well These 
terms are frequently confused 


casing 


Corrosion of well screens is not as 
prevalent as incrustation, but it is 
more harmful, because the metal itself 
is destroyed. Without considerable 
experience and some investigation it 
is difficult to recognize the type of 
corrosion involved, as there are at 
least six different forms of corrosion, 
and the trouble 
one of them. 

Direct 
most common form 
wells. It involves nothing but simple 
solution of the metal as a result of 


may be due to am 


chemical corrosion 18 the 
encountered in 


Minn 


the chemical nature of the water. It 
is evidenced by a gradual enlarging 
of the well openings, permitting the 
well to pump fine sand 
Deszincification of brass and graph 
itization of iron are another form of 
corrosion frequently noted in water 
wells, It is the selective removal of an 
element from an alloy, such as the re 
moval of zinc from brass. When this 
form of corrosion occurs, the metal is 
left in its original form but is 
subtsantially weakened, Examination 
with a microscope will reveal the ex 
tent of the structural change, but it is 
practically impossible to make such an 
examination without removing the 
corroded parts. This type of corrosion 
may be responsible for sudden fail 
ures of well casings or screens and of 
pumping equipment that appears to 
be sound 
corrosion is a local 
boun 


Intergranular 
chemical reaction at the 
daries of metallic crystals. It is an 
amalgamating action and very de 
structive. Fortunately, it is not often 
encountered in wells. Little can be 
done to guard against it, except to 
avoid the use of amalgamating agents 
Galvanic or bimetallic 
a localized attack which often results 
when two dissimilar metals are con 
nected in an electrolyte. Under such 
conditions, a simple electric cell is 
with the anode 
Almost the only thing that can 
to eliminate or retard this 
form of corrosion is to place lead 
plates in the well in such a position 
that they intercept and absorb the 
low-potential currents, The 
protection is to use the same metal 
throughout the entire well, including 
the pumping equipment. 
Concentration cell corrosion is oc 
casionally encountered in wells, al 
though it is rare and extremely dif 
ficult to without the aid 
of expert chemists and physicists. It 
is the form of electric cell set up when 


ized 


corrosion is 


created, being cor 
roded 


be done 


satest 


recognize 


one metal is placed in two different 
concentrations of the same electrolyte 
This type of difficulty is evidenced 
by local corrosion occurring at ran 
dom on the corroded surface 
Most waters 

sands, gravels, and similar formations 
mildly 
(;enerally, a mineral analysis of the 
water will indicate the proper metal 
to use in the well installation. Dis 
solved oxygen is probably the most 


important constituent in determining 


ground found in 


are only corrosive, if at all 
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TAPPING 
2 MILLION A DAY 


for National Cash Register 





The completed well was tested at 





over 2000 gpm and is pumping 1500 
gpm to supply the entire water 
system including air-conditioning 





requirements at NCR’s Dayton 
Headquarters. In years to come the 
Cook Strainer will play the most 
important part in maintaining this 
heavy flow. Cook Strainers have 
an exclusive V-shaped self-cleaning 
slot which eliminates clogging and 


insures maximum water delivery. 


Wire-wound and brass-tube strainers available in all slot 
sizes from .006” to .25”, fabricated from Red Brass, Ameri- 


can Everdur Bronze, Armco Iron or Stainless Steel. 


Eight to 24-hour delivery often possible. Telephone Cincin- 


nati MU-1800 for this service, or write for specifications. 


ee es WL RSL a 


In Well Strainers 
3264 BEEKMAN CINCINNATI 23 OHIO 
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1 
ti 


ie likelihood of ground water cor 
Hydrogen sulfide is an 
is a sure sign of 
between 


rosiveness 
other agent whicl 
orrosiveness. The balance 
dissolved carbon dioxide and the car- 
bonates of magnesium and calcium, 
in combination with dissolved oxygen, 
determines the degree of corrosiveness 
of most ground water, as well as the 
incrustation. Water 
(high acidity), low 
and high carbon 
dioxide content is almost certain to 
be corrosive. Water with a high pH 
and low proportion of carbon dioxide 
will not usually attack the metals used 
in wells or pumps 


probability of 
with a low pH 
carbonate hardness, 


rhe rate of corrosion is dependent 
on a number of factors, one of them 
being the rate of movement of water 
over the surface being corroded. To 
offset corrosion in wells and pumps, 
two general methods of approach are 
one is the use of protective 
other, the use of 


common 
coatings, and the 
highly corrosion-resistant metals. Nei 
ther method has proved to be a wholly 
effective safeguard against corrosion 


Incrustation of well casings, open 


ings, and screens is a deposition of 
materials in and around all metal parts 
of wells and pumps. These accumula 
tions are made up largely of the bi 
and sulfates of calcium, 
sodium, and iron. Hy 
iron with 


chlorides, 


carbonates 
magnesium, 
droxides and oxides of 
other 
borates, and silicates may be present 
to the amount and kind 
Iron man 
ganese compounds are the most dif 
ficult to break down and 
they form a relatively hard deposit 
Silt and clay may be 
and contribute their bit to 
incrustation 


substances such as 
but only add 
of deposits formed and 
remove, As 


in suspension in 
the wate 
the accumulations of 
Other agents contributing to incrusta 
the iron bacteria and slime 
as Crenoth 


tion are 
forming organisms such 
; t 

No way has yet been found to pre 
vent or entirely remove these accumu 
lations in and around well screens and 
pumps. All that can be done is to take 
steps to retard action. One 
measure is to provide the maximum 
umount of transmitting capacity in the 
casing or screen openings either by re 
building the well or by replacing it with 
1 new one of better design. Another 
step is to lower the rate of pumping 
ind increase the period of pumping 
Chis will be effective if drawdown is 
materially reduced. Many well owners 


such 


ire finding it more economical to oper 
ate a large number of properly spaced 
wells, with less drawdown, than to try 
toobtain their requirements froma few 
wells having excessive drawdowns 


W herever incrustation is present, as 


shown by past experience, periodic 
cleaning of wells and pumps should be 
made a regular item of maintenance 
Such corrective measures should be 
initiated at the first suspicion of 
incrustation. Otherwise, costly re 
habilitation may be necessary, with 
questionable results 


Acid treatment is by far the most 
common means of removing incrusta 
tion. Hydrochloric acid used with an 
inhibitor readily dissolves the carbon 
ates of magnesium and calcium, as well 
as the hydroxides and oxides of iron 
and manganese. Chlorine in both liquid 
and gaseous form has been used with 
some success, especially in removing 
the accumulations of slime-forming or 
ganisms. This method does not, how 
ever, prevent recurrence of the trouble 


Other 
acid, sodium hexametaphosphate, cop 
per sulfate, and carbon dioxide (in the 
form of dry ice), have been tried in 
many places as a means of removing in 
crustation, with mixed results. As yet 
there is no established technique for 
treating wells with chemicals or re 
moving accumulations by the use of 
scrapers, brushes, compressed air, wa 
ter, or steam. Each job of this kind 
must be carefully studied, taking into 
account the chemistry involved—as the 
amount of incrustation depends pri 
marily on the minerals carried by the 
ground water—and also the rate of 
pumpage 

Well failures due to 
ground water replenishment can be cor 
rected only by regulating the pumping 
rate to conform with the replenish 
ment rate. There is no other answer 
Many have tried to maintain well sup 
plies by installing larger wells and 
pumps, but the safe annual yield of a 
well is definitely limited to the amount 
of annual water replenishment of the 
underground reservoit 


chemicals, such as sulfurk 


a low rate of 


Well failures due to poor construc 
tion, or to mechanical troubles after 
construction, are in the minority 
Such failures are caused mostly by the 
use of cheap materials, poor construc 
tion methods, improperly 
screens, poor gravel treatments, and 
the like. These failures usually give 
little or no warning. A well may sud 
denly collapse or start pumping large 
quantities of formation material. Such 
be avoided by 


designed 


failures can, of course 
proper design and construction. Once 
the well is in operation, however, lit 
tle can be done to prevent failures of 
this type 


Deep-Rock Wells 


The nature, construction, and hy 
draulic characteristics of 


wells are so different from those of 


deep rock 


R-141 
shallow wells that they require special 
consideration and careful supervisor 
at all times. The maintenance and 
operation of deep-rock wells is largel) 
a question of good judgment, couple: 
with experience, The water supply of 
deep wells depends upon the kind « 
rock in which they are drilled, its abil 
ity to transmit water, the nature of 
the water itself, and its source of 
All deep-rock wells, with the 
wells in sandstone, get 
their water from rock fractures or 
from solution channels. The wate 
table in rock wells slopes from the 
surface intake to the well, usually at a 
much flatter slope than the wate: 
table in an unconsolidated formation 
Hence, the water moves under differ 
ent hydraulic conditions and invari 
ably is in a confined rather than a fre: 
state. This means that the supply of a 
deep-rock well is obtained from water 
rising through the larger fractures t 
Because the 


origm 
exception of 


the point of discharge 
water level in a deep-rock well con 
trols the water level in the formatior 

the yield from deep rock wells ma 

vary widely even though they are k 

cated in the same rock formation, On 
account of the presence or absence of 
rock fractures, one well may be mucl 
better than another even though the 
two are not far apart. If the fracture 
in the rock at the well are enlarged ol 
but the use of 


increased by shooting, 


acids, or by mechanical means, the 


level in the formation may be 


raised or lowered, 


wate! 
thus dec reasing 0 


increasing the capacity of the we 


Consequently, the use of ¢ x plosive : 
in a deep-rock well is not always goo 
Shooting 
frequently does more harm than good 
as the filled with 
debris ot fractures 
filled 

opened 
that have been shot is just as impor 
tant as the shooting itself. The shoot 
ing of wells should always be carried 
exper) 


practice a deep rock well 


well may be roch 


new which are 


with fine material may be 


The job of cleaning rock well 


out by thoroughly 
enced in this kind of work, 


who 


pe sons 
under the 
know 


supervision of someone 


the geolog\ of the formation 
Mechanically there is very little that 
can be done to maintain a deep roc} 
Most find it 
into 


well supply operators 


necessary to go such wells o« 
casionally for the purpose of keeping 
the fractures or solution channel! 
The sides of the drill hole ca 
be scraped or brushed to remove an 
accumulations If the dril 


hole has become partially filled with 


open 
pres¢ nt 


rock debris, it is cleaned out by bail 


ing. Chemical treatment and surging 


are helpful in dissolving certain kind 


of accumulations in the tracture 
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limestone 
for 


We constructed in 
lolomute gypsum and 
often obtain their water from 
channels rather than rock 
fracture Solution channels are cre 
sol action of water 
vertical joints of the 
and then 
i iy to the horizontal 
vhich are fractures. The dis 
s effect of water in such forma 
vell known. It is particularly 
the water table where 
comparatively rapid 


similar 
matior 


HutioT 
vent 
surface 


at the 


’ ‘ 


above 
verment 
maximum 
f carbon dioxide. It must be 
that the 
the 
reservoirs 


water contains the 


ered, however frac 


al d char nels he low 
as a network of 


r deep-rock wells. Obviously, 


remeti 


water 


iy be considerable variation 


7 7 ly 
Ipply 
formation in different localities, owing 
ence or lack of caverns and 


from the same type of 


t the pre 
' 

1 

innel 


thre ugh 
iter bearing 


In some places, a well 
limestone without 
channel or 


cal constituents of water 

deep-rock wells depend 
he chemical nature of the 
the of flow, and the 


from 


rate 
\s a rule, water 
warmer and more 
than from 
wells. Although better prote 
inst pollution, it is not at all un 
lor deep rock wells to be 
rhe 
difficult to locate and trace. 
ss in and 


1] 
wells 18 


neralized water 
ted ag 
Common 
come polluted origin of such 
pollutic ni 

to carelessne¢ 

to surtace contamina 

at a considerable dis 
Improper 
pump 


well, or to 
operation ol} 


{f the cost and nature 
lls, they are generally 
drawdowns than 
\ir lift pumping will 
intain a supply when the 
the well such that 
f equipment cannot be 


eatet 


are 


the chief causes of fail 


ck wells is the lowering 


le or pressure level to 
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a point at which it is no longer eco- 
nomical to pump the well. This again 
emphasizes a fundamental of good 
well operation—the regulation of 
pumping rates to the amount that can 
be safely withdrawn annually 
Protective Measures 

In operating wells, there are a num 
ber of things that done to 
maintain and protect a ground water 
supply rhe 
are offered 

1. All wells should be located and 
constructed by men who are experi- 
enced in this sort of work and who 
have some knowledge of the occur- 
rence and movement of ground water 
in various water-bearing formations 

2. All wells should be located so 
that they will not interfere with other 


can be 


following suggestions 


wells operating in the vicinity 

3. All wells should be constructed 
that only water which 
and is of usable 


in such a way 
is free of pollution 
quality can get into them 

+. All wells and pumping equip- 
ment should constructed of ma 
terials that will the corrosive 
and erosive action of the water being 
pumped, as the action of 
chemicals which may be used to re- 


he 
resist 


wi I] as 


move accumulations 

5 All wells should be operated at 
their most economical point by equip 
ping them with pumps properly de 
signed for the characteristics of each 
installation. This means that well op 
erators should have a method of meas 
uring the yield, drawdown, and power 
consumption of every pumping unit 
under their care 
Conclusion 

(ood operation and 
of a well supply are primarily the well 
owner's responsibility. He must pro- 
vide the best well construction, pump 
ing equipment, and supervision that 
he can The operation and 
maintenance of a well water supply 
are a great responsibility, but mu 
nicipalities, industries, and 
owners often take it too lightly. They 
are not concerned until something 
unfortunate happens, but when a wa- 


maintenance 


obtain 


private 


ter supply fails, there are plenty of 
questions asked, with the blame usual- 
ly falling upon the party least re- 
sponsible. 

The author does not mean to imply 
that the operator of a water well has 
no responsibility, for he has. His re- 
sponsibility is to inform himself re 
garding the wells under his care. He 
must know enough about the methods 

used in constructing 
able to anticipate any 
trouble from these sources. Further- 
more, he should know enough about 
the local formations 
and the water in them to be able to 
advise the owner of any overpumping 
or reduction in supply 


and materials 


wells to be 


water-bearing 


The operator should insist on hay 
ing the apparatus and assistance re 
quired to make periodic readings of 
water levels, pumping levels, quantity 
of water pumped, and power con 
sumption. It is essential to make these 
data a matter of record, because they 
will be invaluable in any emergency 
which might arise. Such information 


will also be helpful in anticipating 
shortages due to increased demands 
or failure of wells and pumping equip 
ment 

In Illinois, a recent survey disclosed 
the fact that, out of 23 municipal sup- 
plies from shallow wells, only one me 


tered the pumpage. None reported 
making measurements of water levels, 
either static or pumping. The survey 
also disclosed that, in a group of thir- 
teen deep-rock wells, none metered the 
pumpage or systematic ef- 
fort to determine the performance of 
the wells. This record probably could 
be duplicated in any the 
country. This sad state of affairs can 
not be charged entirely to the oper- 
ators of well supplies, as they are of- 
ten burdened with other duties, vary- 
ing from dogeatcher to night watch- 
man. It goes without saying that in- 
efficient operation adds to operating 
For this alone, oper- 
ators of well supplies should be 
allowed to devote their entire time and 
ability to bettering the operating con- 
ditions of their well installations 
Most operators are capable of doing 
their job if given the chance 


made any 


section of 


costs. reason 





i ELEMENTS of a complete dis 


tribution system include distrib 
trans 
\cces 


sories to a distribution system include 
hydrants, 


uting reservoirs, conduits o1 


mission mains, and pipe lines 
valves, 


hooster stations 


main line meters, and service con 
nections 
Che importance of distribution sys 


Pipe 


a greater 


tems is indicated by these facts 
lines in water works handle 
tonnage per da 
stem: 
the total 


works is tn the distribution 


than any other trans 
approximately 66 
wate! 


portation $\ 
per cent of value of 
system: 
approximately 80 per cent of the dis 
value Is Im mains 


tribution system 


and valves 


Distributing Reservoirs 


lhe functions of distributing reset 
voirs are to: | qualize hourly or daily 
desired 
and to 
storage tor 


Distributing 


and maintain 


remote 


flow ; provide 


pressure in areas ; 
provide emergency fire 
protection purposes 
reservoirs also permit equalization of 
pumping heads, economies of con 
struction, 


reduction of pressure fluctuations 


economies of operation, and 


Distributing reservoirs may be of 
steel, reintorced earth of 
wood and may be located at or below 

level (ground 
ground (elevated 
age ) elevated 
tanks or standpipes 

Distributing reservoirs are 
point 
sumption, near areas where improved 


concrete, 


ground storage) or 


above level stor 


storage may be in 
located 


at a near the center of con 


pressure is needed, on high ground, 


and on a site that gives greatest ad 


vantages for lowest construction 
costs 

Che capacity of distributing reset 
voirs depends on maximum rate of 
consumption, maximum pumping ca 
pacity, minimum safe yield of source 
of supply, and fire flow requirements 
Reserve storage tor hre protection 
emergency must be provided if pump 
sulhicient to meet 


Nat 


Reservoirs 


ing Capacity ts not 
requirements for fire flow set by 
Bd. Fire Underwriters 
float on the system. When pumps op 
tanks 


depe nding on whether 


erate at rate, storage 
fill on 


or not the 


average 
empty 
rate ot consumption 1s 


ibove or below the pumping rate 


Conduits and Transmission Mains 


Water 
pumping 
bution net 


source or 
distri 
gravity in 


from a supply 


Station trave to a 


work by con 


duit or open ¢ annels or in pressure 


DISTRIBUTION 


lines termed transmission mains 
conduits 
or aqueducts 


may be canals, 


Pressure 


(sravity 
flumes, lines 


may be cast iron, steel, reimforced 


lransmis 
to take the 


concrete, or wood stave 
lines located 


shortest route possible. Pressure lines 


sion are 
should avoid peaks and depressions 
lhe size should be based on estimated 
capacity 25 years in the future, Twin 
lines are frequently used as a protec 
tion in case of failure and to allow 


cleaning 


Pipe Line Materials 


Materials used in distribution sys 
tems include iron in all 
reinforced prestressed concrete (gen 


cast S1Zes, 
erally in larger sizes) asbestos-cement 
(generally below 24 in.), (gen 
erally larger than 36 in.) and wood 
stave (mainly for irrigation, and in 
dustrial supplies ) 

\s a protection against corrosion, 
metal pipes are lined, either with a 
coal-tar-pitch varnish (bituminous 
tar) or cement lining added during 
manufacture or in place. 

Joints for pipe depend on the type 
of pipe. Cast iron pipe be bell 
and spigot, flanged, universal, me 
chanical, or flexible ball joints, Con 
crete rubber ring and offset 
joint forced together under tension 
pipe rubber 
ring on a tapered end with the joint 
covered by a sleeve which holds the 
rubber ring under compression. Bell 
and spigot joints are sealed with lead 
or sulfur joint 
hot against a packing ring of jute, 
braided paper or rubber 

Fittings include curves or 
(22%, 45, and 90 deg.) ; 


and 


steel 


nay 


uses a 


Asbestos-cement uses a 


compounds poured 


ells 
reducers, 
tees, sleeves 


wvyes, Crosses, 


Network Systems 


Che distribution system consists of 
three parts: Supply 
termed 
water 


mains, (also 


transmission mains) carry 
pump 
Arterial 


connected to 


from source ot station 


to sections of a city mains 
feeders 


Minor 


gridiron 


are secondary 
supply distributors 
make up the 
arterial mains and supply both do 
hire hydrants 
lhe location and sizing of mains de 
the 
number of customers, the required 
hire 
fire hydrants 


mains 


the between 


mestic consumers and 


pend on the area to be served, 


flow for the area, number of 


Booster stations consist of pumps 


which take water from a supply main 
and discharge it at a higher pressure 


at another point in the line, Booster 
stations increase line pressure in out 
head loss Is too 
They may be op 


with elevated 


areas when 
the line 
connection 


lying 
great in 
erated in 
storage tanks and are controlled eithet 
by pressure or by a combination ot 


flow and pressure ( Pressuretlo) 


Valves and Hydrants 


Valves are located on all branches 
from feeder mains and between minot 
distributors and hydrants Chey 
should be placed at least every 1200 
ft. on arterial mains and minor dis 
tributors and at distances in 
high value areas 

The types of valves used on dis 
tribution lines include butterfly 
valves, cone valves and gate valves 
Check valves are automatic valves 
that allow water to flow in one dire 
tion only, Back flow preventers are 
special types of check valves used 


lesser 


in cross connections between domestic 
industrial supplies. Altitude 
valves in elevated storage tanks to 
control flow into or out of tank de 
pending on line pressure and water 


and 


level in the tank 

Hydrants for 
ice are located according to area to 
be served, population, district value, 
length of fire hose that can be served, 
and method of obtaining required fire 
pressure, Types of hydrant most com 
monly used has two 2'%-in 
lets and one 4-in. pumper 
They are located from 2 to 6 ft. from 
the curb 


hire protection sery 


hose out 
outlet 


Meters and Services 


Main line meters ( Venturi 
Dall Flow Tubes, propeller meters ) 
are used to determine flow of water 


tubes 


entering the distribution system or at 
hey 


should have high accuracy and low 


points of interconnections 


head loss 

Services are small pipes which con 
the street the 
sumer’s house usually 
to 1'%4-in, in 
of galvanized iron, copper, lead 
plastic 
register of a water works; they ma 
the utility or by the 
should be « hecked if 


mains to con 


Phey 


diameter 


nect 
are 
and may be 


Service meters are the cash 
be owned by 
consumer : they 


regular intervals of to 7 yeat 
oftener if reading 


Operators of a distribution ten 


appear unusual 


meet many problem uch as fire 


rating, fire flow, pressure, main siz 


ing, main laying, tapping, hydrant and 


valve maintenance, leak surve' et 
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CHICAGO BRIDGE « 


Since 1893, Chicago Bridge & Iron Company has 
been congas fabricating and erecting elevated 
steel tanks and many other — of steel plate work 
for municipal water systems throughout the country. 
These 62 years have been years of progress. They 
have given us a vast background of experience which 
has led to structural improvements, better workman- 
ship and efhcient erection methods. Tank designs 


IRON COMPANY 


have been constantly improved to provide today’s 
pleasing, seceniieed structures. 

Tanks for municipal service are built by Chicago 
Bridge & Iron Company in accordance with specifi- 
cations of the American Water Works Association. 
Four strategically located plants in Birmingham, 
Chicago, Salt Lake City and Ereenville. Pennsylvania 
are always ready to serve you. 


ELEVATED WATER TANKS 


Horton elevated water tanks are designed to provide dependable 
gravity pressure in water distribution systems. They usually reduce 
pressure variations in the mains and often cut down pumping costs. 

Horton elevated water tanks are built in five basic types—ellip- 
soidal-bottom tanks, radial-cone bottom tanks, Waterspheres, Water- 
spheroids and Hortonspheroidal tanks. We shall be pleased to submit 
estimating figures or quotations on any of them. When writing please 
state capacity, height to bottom, range in head, location and shape or 
design desired. There is no obligation on your part. 


eeeeeeeeeoeoeoeoeeoeoeeeeeeeeeeeeeee ELLIPSOIDAL-BOTTOM 


eceeeee WATERSPHERES 


WATER TANKS 


Ellipsoidal-bottom elevated tanks 
are relatively large diameter and 
shallow depth. Unless otherwise 


The smooth, streamlined Water- 
sphere presents a pleasing ap- 
pearance. All piping connections 


specified, they are built with cy- 
lindrical columns and ellipsoidal 
roofs. 


and ladders are located inside 
the supporting column to which 
access is provided by a door at 
ground level. The lower portion 
of the supporting column may 
also be ond a pumphouse. 





Gallons Tank Dimensions 


Capacity 





Diameter Range 





50,000 22’0" 19’0” 
60.000 40" 190” 
75.000 *'0" 1°00” 
100,000 2R°0” 24'0" 
125,000 0" 25'6" 
150,000 +2"0" 27°6" 
00.000 36’0" 96" 
250,000 40°0" 29'0" 
100,000 43'0" 0'o” 
400,000 46'0" 35’0” 
500,000 50'0” 7"6" 





Capacity Diameter 
in of 
Gallons Sphere 





25,000 19’4” 
30,000 20'4" 
40,000 »2°4" 
50,000 24’0" 
60,000 25°6” 
5.000 27°4" 
100,000 1'0” 
150,000 140" 
200,000 37°6” 
250,000 40°'6" 





























RADIAL-CONE BOTTOM 
WATER TANKS 


“il HORTONSPHEROIDAL 
WATER TANKS 


Hortonspheroidal elevated tanks 
are modern, attractive structures. 
They are built in standard ca- 
pacities of 1,000,000 to 3,000,000 
gallons and are supported either 
on two rings of cylindrical col- 
umns or one ring of cylindrical 
columns and a large central riser 


A functional design that permits 
large capacity water tanks to be 
built with a relatively low range 
in head. They are pleasing in 
appearance and easy to maintain. 





Gallons Tank Dimensions 


Capacity 





Diameter Range 





500,000 604” 
750,000 74°3" 
750,000 7 
1,000,000 
000,000 
,000,000 
,500,000 
500,000 
500,000 
> 000.000 





Gallons Tank Dimensions 


Capacity 





Diameter | Range 





87°6" 25’ 
81'0” 10’ 2,000 000 
920" oo 2.500.000 
1060” 5° 3,000,000 
117°0" +5’ 
120°0" sy 


1,000,000 
1,000,000 
1,500,000 
2,000,000 

$00,000 
4,000,000 
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CHICAGO BRIDGE &« IRON COMPANY 


WELDED STEEL 
RESERVOIRS ....+-+--s 


Chicago Bridge & Iron Company builds 
welded steel reservoirs and standpipes in 
standard capacities up to 10,000,000 gals. 
Also in special designs similar to those 
shown in the views at the right. Our care- 
ful fabrication and erection methods assure 
a long service life. Welded construction 
resulting in smooth tank surfaces makes 
painting and maintenance easy and less 
costly 


HORTONSPHERES 
FOR DIGESTER GAS......-. 


Hortonspheres provide an economical means of 
storing sewage plant gas under pressure, and thus 
permit the gas produced in digesters to be utilized 
effectively. When the supply of digester gas ex- 
ceeds demand, the surplus is pumped into the 
Hortonsphere. When the demand exceeds the 
supply, gas flows from the Hortonsphere to make 
up the difference. The entire shell of the Horton- 
sphere is accessible for inspection and painting. 
Hortonspheres are built in capacities up to 1,500,- 
000 cu. ft. 


PHOSPHORIC ACID PROCESS 
PICKLING AND PAINTING 


The Horton phosphoric acid process saves maintenance dollars 
and prolongs the life of steel plate structures. It removes mill 
scale before shipment from our plants and helps provide a better 
bond between the prime coat of paint and the steel. 


STEEL PLATE WORK . . . «© «© «© © © o « 


Our design, fabrication and erection departments have had years 
of experience in supplying water and sewage plants throughout 
the country with all types of heavy steel plate work. 
When requesting quotations on steel plate work we 
would appreciate receiving plans and specifications. 


CONKEY SLUDGE FILTERS. ..... 


Over 2,000 tons of various sludges and industrial 
wastes ( primary—elutriated digested—bio-chemical 

industrial) are daily dewatered on Conkey Sludge 
Filters. Every municipal and consulting engineer 
should be acquainted with the advantages and trou- 
ble-free performance of Conkey equipment, fabri- 


cated by CB&I. 


PLANTS Birmingham Chicago Salt Lake City Greenville, Pa. 
2 


SALES Atianta 3 2123 Healey Bidg Detroit 26 1536 Lafayette Bidg Pittsburgh 19 3260 Alcoa Bidg 
Birmingham | 1532 Worth Fiftieth St Houston 2 2142 CAI Life Bldg Salt Lake City 4 550 West 17th South St 

OFFICES Boston 10 1038—201 Devonshire $t Los Angeles 17 1508 Gen Petroleum Bidg San Francisce 4 1625—200 Bush $1 
Chicago 4 2118 McCormick Bidg few York 6 3316—168 Broadway Seattle 1 1339 Henry Bidg 

Cleveland 14 2221 Midland Bidg Philadelphia 3 1648—1700 Walnut $1 Tulsa 3 1641 Mont Bidg 


In Canada: HORTON STEEL WORKS, LIMITED, FORT ERIE, ONTARIO 
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Storage on the Distribution System 


| I HA heer said that elevated 
storage is like in the bank. It 
already accomplished and 
be drawn upon for instant 


aptly 
monecy 
repre work 
ana 
use 

Unlike 
water wé 
tribution 
every part ot 
all the 


ert 
ett 


wher 


at car 
/ 


needed 


storage on any other part of the 
rk tem, storage on the 

actually beneficial to 
water works, extending 
to the source of supply 
through pipes, pumps, treatment 
facilities many cases, the water 
development facilities 

Like money in the bank, wherein only a 
certain amount is necessary for day to day 
commercial transactions, enough is enough 
Money invested in excessive storage would 
hetter be devoted to something more needed 
It is the pre purpose to how 
much storage may be warranted under 
and the le means 
ne it, that 


dis- 
tem 
the 


| 
back 


Way 
feeder 


and in 


sent show 


availa! 
in mind 


genera nditions 


for a nplish bearing 


A basic discussion of this important 
topic prepared especially for the Reference 
and Data Number of Water & Sewage 
Works at request The Editors 


by CHARLES B. BURDICK 
Cons. Engr., Alvord, Burdick & Howson, Chicago, II! 


that 
most 


exactly alike and 
surrounding 


no two 


' 
while 


cases are 
the conditions 
works similar, there wide 
variations im affecting certain 
case Therefore each case should have 
separate study if the project is to be both 
technically nomically sound 
ally speaking, that water 
ystem is the best that provides 
to meet all c: 
rare emergencies, at 
The latter take 
expenses of operation ha 
cap tal costs, u ually repre 
est and depreciation upon the i 
upon the distribution 
alue in the for idequacy 
ity of service, and its econ- 
omy. It is justified to the extent that it 
more constancy of pressures and 
bearing in 
stallations 
probable 


are are 


conditions 


wate! 


and ecé 
works 
facilities 
service, 
the least 
sideration 
against 
by inter- 
vestment 


Gener 


adequate nditior ol 


including 


int cor 


cost 
anced 
ented 
Storage system 15 
of principal m of 


al d re halt il 


increases 
reliability and economy, 
mind that in practically all i 
allowance must be for the 
service requirements for a reasonable pe 
ried in the future. Both reliability and 
economy are promoted by the effects of stor- 


greater 


made 


age in securing more economical f 
and in providing assured pres 


n 
an | 


adequate volume of water for fire 
tion. 


Conditions Affecting Storage 


vorks man would | 
simplified, and the 
wi rks we uld 
duced, if water wuld be served at 
form rate of delivery throughout tl 
This is impossible, 
properly demands water when he r 
and with tl 
extremes variations 
throughout the hours of the day 
Storage 
afternoon or 
days in except 
Such summers dor 
therefore excessive 
surprise An 
records i 


Every water 
problem muc h 
ment m water 


however 


in 


needs vary widely 


and wid 


is particularly beneficial 
upon 


evening hours 


demand often 


as a examination 
pumping 
mands of one 
gre atly exceed the ordinary summer 
fore, in providing facilities 


summer in tive or t 
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TYPICAL HOURLY PUMPAGE RATES 
ON A MAX/IMUM DAY 
W/TH NO STORAGE 
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Fig. |. RANGE of hourly pumpage rates on maximum days—typical of cities without distribution storage. 
(Pattern for residential city compared with industrial city.) 
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be mu 


um pag¢ 


ytec- 


lave his 


invest 
h re 
a uni- 
1 year 


The consumer 


ce ds it, 
easonal 
demand 


in the 
a few 


nally hot and dry summers 
ot come every year, and 


comes 


of many 
dicates that tl 


ce 


nm may 
[here 





is wise to allow a liberal percentage above 
average requirements in providing storage 
facilities 

The accompanying Table | is an analysis 
of the service requirements on five water 
works systems in cities varying from 37,000 
to 320,000 population during years that are 
known to represent a well defined maxi- 
mum in each city. 

In these statistics the hourly pumpage 
rates were studied and correction was made 
for a small amount of elevated storage in 
several c: that the figures would 
represent pumpage necessary to supply de- 
mand without Fig. 1 shows dia- 
grammatically the hourly rates of pumpage 


ses SO 
storage 


aximum day for two cities, which 
nt common maximum and minimum 
as to pumpage variation. There 
very large cities where use is 
form. For more ready compari- 
pumpage rates have eX- 
in percentage of the average pump- 
(total pumpage) during the 2 

f a maximum day 


been 


With informa- 
r to this for any city, it is pos- 
ite the amount of storage 
effectively liberated would 
ile to operate the pumps at a 
throughout the 24 hours of a 
’ In other instances, notably 
ill municipality, adequate storage 
ctimes make possible the complete 
pumping requirement during the period of 
saving off-peak power rates 


day 


moncy 


urly variations in pumpage depend 

upon the character of the city in regard 
to similarity of use. Perhaps the most im- 
portant consideration is the extent of in- 
is can be and usually is a 


1 


TABLE 1 


Variations in Pumpage in Five Cities 





1 
Resi- 


Character of City dertial 





Population ........«. : i 
Ave. pumpage MGD 
Gals. per capita 
Max. 24 hrs. MGD..... 
Gals. per capita.. 
Per cent of ave. day 
Max. hr. MGD... 
Gals. per capita 
Per cent of max 
Storage to 
Equalize Hour leak 
In gals. per capita 
In &% of max. 24 hrs 
Reduced Pumpage Peak 
by Storage in— 
Gals. per capita... sa 
Per cent of max. 24 hrs 37 


more or less uniform use. Upon the other 
hand, residential consumers use little or no 
water at night and make heavy demands 
at certain hours of the day, particularly 
during the early evening hours; and to this 
is added a very exceptional demand for 
lawn sprinkling on hot summer days. Re- 
cently, water used in cooling systems has 
placed an added burden on hot weather 
peak hours. In most cities the varying 
residential demand is more or less ironed 
out by commercial and industrial uses, and 
the extent of commercial and industrial 
use is probably largely accountable for 
differences in pumpage rates when com- 
paring cities. 


24 hr 


How Storage Improves Pressure 


Fig. 2 is a cross section showing ground 


occupied by a city, and certain lines illus- 


3 + 5 
Resi- Resi. 
dential dential 


Indus- 


trial Industrial 


320,000 
43.80 

137 
70.20 


110,468 
6.94 

63 
13.66 

14 220 
196% 160% 
6 115.70 

s60 


165% 


100,426 


307,000 


” 
30 
278 


TTT. 


1s4 


140 
1% 9 


42% ‘ 
trating available water pressure created by 
a pumping station 

The line AB illustrates the drop in pres 
sure in a case where no elevated storage 
exists, and pump pressure is so used up in 
deficient pipes that no pressure remains at 
the peak hour of the heaviest pumpage 
(demand) day at the remote end of the 
town 

With an elevated tank installed the pres 
sure conditions are changed follows 
upon a similar heavy pumpage day. As- 
sume the storage is such that the pumps 
instead of running at a variable rate run 
a constant rate day and night. During the 
peak hour of use pressure will be repre 
sented by the line AC representing water 
flowing from the pumps. The line D¢ 
represents water flowing from the tank 
toward the pumping station. and line DE. 


as 
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SCALE OF WATER PRESSURE-FEET 
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Fig. 2. EFFECTS of distribution storage available pressures 


(Shown for a maximum demand day.) 
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Capacities and Sizes of 


STANDARD ELEVATED STEEL TANKS 


by PITTSBURGH - DES MOINES 


as to the application of these tanks, 
for designs, for specifications, or for 
estimates, write—without obligation 


In these compact but complete tables, 
data are furnished on the various 
types of elevated steel tanks, and on 





steel reservoirs. For full information 


to our nearest office. 
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Double Elipsoidal 


TABLE I—DOUBLE ELLIPSOIDAL TANKS 





Capacity 
US 
Galions 


° 


Tank Dimensions 





Balcony 
Width 


| Number 
of 
Columns 





25,000 
30,000 
40,000 
50,000 
$0,000 


60,000 
75,000 
100,000 
100,000 
150,000 
150,000 


200,000 
250,000 
250,000 
300,000 
400,000 
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Verticol® 
1:20 
Verticol* 





* Stenderd practice is to make columns vertical for Double Ellipsoida! Tanks whose diameter exceeds 50 ft. 
However, thelr columns moy be inclined if desired, in which case their radial bevel would be |. 20 


** Stenderd tower heights (M) ore as follows 
Up to 50 ft. in even 2 ft, intervels, 


from 50 f. te 100 f. in ewen 5 ff. intervols, 
end over 100 ft. in even 10 ff. intervals 


Mest common stendard tower heights are 75 ft. and 100 ft 


TABLE IIl—OBLOIDAL TANKS 





CAPACITY 
us 
GALLONS 


DIAMETER 
0 


HEAD RANGE 
vy 


TOWER HEIGHT 
a] 





1,000,000 
1,500,000 
2,000,000 








se 0 
92° 0 
106° 0 





25° 0 
35° 0 
35° 0 





As Required 









































TABLE III—TORO-SEGMENTAL BOTTOM TANKS 


CAPACITY STANDARD HEAD RANGES TOWER 
Ss HEIGHT 
Lal 





U 
GALLONS Vv 





750,000 25° o” As Required 
1,000,000 25’ o” 30° 0” z 
1,500,000 25° 0 30’ 





2,000,000 30 
2,500,000 30 Circulag Girder 
3,000,000 | 30 




















TABLE IV—RADIAL CONE BOTTOM TANKS 


CAPACITY TANK DIMENSIONS NUMBER TOWER } 
U.S. or HEIGHT 5 1 J 

GALLONS COLUMNS 4 

8 As Required Toro Segmental 









































1,000,000 
1,000,000 
1,000,006 
1,250,000 
1,250,000 
1,250,000 
1,250,000 
1,500,000 
1,500,000 
1,500,000 
1,500,000 
2,000,000 
2,000,000 
2,000,000 
ps 2,500,000 
2,500,000 
Radial Cone 2,500,000 


3,000,000 


<< 
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TABLE V—HEMISPHERICAL BOTTOM TANKS 


opacity Tank Dimensions No.** 
in US of alcony Tower height from foundation top level to 


Gallons Vv Columns | Width bottom capacity level of tank (H)TTt 

5,000 ‘oll’ O%” None ’ 9 1389" 51'9" 1589" 17279" | 799" 
10,000 ‘Olli’ 7%" None ‘ o''140'0"| 5001 60'0""|70'0""| 80'0" 
15,000 "116°10%" None ‘ 0” 140'0"'| 500" |60'0"|70'0""| 80'0" 
20,000 "121° @” None y 0’140'0"| 500" |60'0"170'0"| 80°'0"” 








Socy 
- 





14° 64%" 18” ’ 6” 1500") 69'8" |75'0"| 94'8" |100'0" 
18 4%" 18” * 6 150'0"'| 696" |75'0"'| 94'8" |100'0" 
18 3%" 24" ‘” 75'0"| 96'3""|100°0" 


‘lie 10%" 
127 8%" 
124/11” 


25,000 
30,000 
40,000 


50,000) 19'0""| 25’ 6” 
60,000) 190" 30° 3%" 
75,000|21'0"| 30’ 6%” 





63'4" 100°0" 
63/4" 91 100°0" 


ok 24” * o'163'4" ‘se’ 
9” 

63'4""| 91°68") 100'0" 
‘6! 
9” 


F 7 

22’ 3% 24” * o163'4""|7 
22’ 6%" 24” ’ o'163'4"|7 
7 

7 


, 22’ 5%" a 24” ‘ oles” 
150,000/28'0"| 34" 5%” 24° 0%” 4 30” "10° 163'2” 
200,000) 320") 35'11"”%”" 27 2%" 6 24” * 1° 162'S"\75 
* This column lists height of tank cylinder up to high water level. The cylinder actvolly extends 3° higher 
t The bottom of this %500 gation tank is a segment of o 9 ft. radius sphere 
** Radial bevel of columns of 4 column towers is |-''4¢:12; of 6 column towers 1:10 
tt Towers of heights other than those listed are available 


eee eee eoce 


5 
5 
5 


100°0" 


100,000 0" 30'11%’ 
100°0”" 


63'4")9) 
63'4"'91'8" |100°0" 
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TABLE VI—STEEL RESERVOIRS 





Capacity in 
U. S. Gollons Diameter Height 





$0,000 20’ 21’ 
60,000 22 21’ 
75,000 24 27’ 





100,000 26’ 25 
150,000 30 28 
200,000 34 27 


250,000 38 27° 
300,000 42 29° 
400,000 46 32’ 


$00,000 50’ 34 
750,000 60’ 35’ 
1,000,000 79 35’ 


PITTSBURGH - DES MOINES STEEL CO. 


Plants at PITTSBURGH, DES MOINES and SANTA CLARA 
1,500,000 80’ 40° 
2,000,000 9s 38 
2,500,000 110’ 35’ 


Sales Offices ot 
PITTSBURGH (7 1418 Neville isiand DES MOINE 


NEWARK (2 2718 industrial Office Bidg DALLAS (1 


VQ aee Cee See eee aoe 


3,000,000 120° 35 
SS — = CHICAGO (3), 1222 First National Bank Bidg SEATTLE 

















LOS ANGELES (48 6399 Wilshire Bivd SANTA CLARA 





R. D. COLE MANUFACTURING CO. 
st. 18: 
Tanks, we al Plate Work 


NEWNAN, GA. 


5,000 TO 2,000,000-GALLON WATER TANKS 


All shapes and sizes—The R. D. COLE MANU- 
FACTURING CO. has developed a complete line of 
steel tanks for water supply, both for 
service and sprinkler requirements, ranging 
from 5,000 to 2,000,000 gallons. 


elevated 
lomesti 


in capacity 


Che designs include the standard Hemispherical 
elf-supporting Bottom, the “Cole Ovaloid,” Stand 
pipe and many individual 
styles involving architec- 
tural treatment to satisfy 
local conditions, or to pro 
ide special shapes for ad 


vertising purposes 


STORAGE TANKS 
Pressure tanks for storage 
digesters at 
disposal plants so 
output at peak 
used during 
periods. Chemical 
tanks, hot water 
storage tanks, tanks for 
bulk storage of oils and gas 


Ol gas from 
ewage 
that 
loads can be 
off peak 


storave 


excess 


Designs Available for Any Service 


Se rrr ce 
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500,000 Gallon “Cole-Shallow Depth” Tank 


CONSTRUCTION FACILITIES 

Fabricated Steel Plate—The R. D. COLE MANU- 
FACTURING CO. has a fully equipped plant for the 
fabrication of riveted or welded steel plate. In ad- 
dition to the construction of its regular line of hori- 
zontal return tubular boilers, oil storage tanks, 
tubular heaters, etc., the company is prepared to 
construct special tanks and apparatus of any speci- 
fied metal plate. 


Alloys and Lining for Processing Apparatus—The 
facilities and experience of the company enable it 
to fabricate special apparatus of all kinds for the 
processing industry using alloy steel plates, stain- 
less steel, nickel-clad steel, etc., or linings such as 
lead, tin, nickel or Monel 





flowing from the tank away from the 
pumping station. The pressure losses at 
points between tank and pumping station 
are smaller than before because this dis- 
trict is being fed from two ends. This 
results in shorter travel, smaller velocities 
and greatly’ reduced friction losses. At 
points beyond the tank friction losses are 
the same as before but pressure is increased 
because the water is coming from the tank 
at a high elevation : 

The conditions 
mately during the 


noted prevail approxi- 
peak hours when use 
exceeds pumpage. After the peak is past 
and pumpage exceeds use, during night 
hours, the pressure approaches the line AD 
which represents conditions just as the 
tank is filled. The lines AC, DC and DE 
will be lower as the tank is depleted; and 
when an empty tank begins to fill the line 
AD will be much steeper. 

The above illustrates the general result 
when storage is added without increasing 
the distribution feeders. Storage is an al- 
ternative to mew and larger pipes and 
pumps. 


Location and Height 


A number of local conditions enter into 
the question of the best location for storage 
and the most suitable elevation. Storage is 
almost always an addition to an existing 
plant and therefore it must fit existing 
facilities as well as possible. The following 
general principles should be guides 
I1—Storage should be reasonably close to 

heavy peak drafts of water and on the 

opposite side of’ such points from the 
pumping station. 

2—Elevated storage at the pumps helps the 
pumps but does not add to the capacity 
of the distribution system, which in- 
volves more than half the cost of the 
average water works. 

3—Elevated storage on the opposite side 
of heavy draft permits water to be fed 
from both ends of the distribution sys- 
tem, thus nearly or quite doubling the 
capacity of the feeders. 

4—The top of the stored water will neces- 
sarily be slightly below the maximum 
existing pressure plane of the pumps; 
but must not be too high to fill in the 
night hours of a peak day. The depth 
should be as shallow as reasonably 
possible; 20 to 25 feet is common. 

5—The value of storage is largely lost 
when too far away. Costly pipes can 
overbalance the advantage of storage. 


Amount of Storage Required 


Fig. 3 shows the amount of storage 
necessary upon a maximum day to reduce 
the pumpage to a constant rate throughout 
the 24 hours of such a day. It also shows 
the effect of lesser amounts of 
storage in reducing the peak hour require- 

The curve shown on the diagram 
is a median line between the extremes 
represented by dots upon the diagram. 
Each dot represents a computation for one 
of the five cities shown in Table L It will 
be observed that a large benefit in pumpage 
reduction can be secured from a relatively 
small installation mm storage. 

These data indicate upon the average 
that 20 per cent of the maximum day in 
elevated storage may be expected to reduce 
the maximum hourly peak about 45 per 
cent. Or, expressed in another way, in the 
five cities studied 30 gallons per capita in 
storage might be expected to reduce the 
maximum hourly pumpage peak rate 126 
gallons per capita if the storage is most 
effectively used 
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Fig. 3.—Effects of Storage on Pumpage Peaks in Five Cities 
(Expressed in per cent of max. 24 hr, pumpage on maximum demand days. Each symbol 


of different design represents one of 


In determining how much elevated stor- 
age shall be built, consideration is properly 
given to the existing installations in water 
supply facilities. The system as a whole 
must be designed for the maximum re- 
quirements for water, which must include 
the maximum requirements for fire pro- 
tection if good fire protection service is 
furnished. In each case a proper installa 
tion is a coordination between elevated 
storage, water supply, pumps and distribu 
tion pipe facilities, so adjusting these fa- 
cilities means that adequate service is fur- 
nished at least cost 


Fire Protection 
One of the most important benefits from 


elevated storage is the ability to respond 


instantly to the heavy draft of water re- 
quired for fire protection. In the smaller 
towns this furnishes an especially valuable 
service while pumps are being started, for 
many such systems pump intermittently. 

In Table 2, column 4, there is shown 
the rates at which water should be fur- 
nished to comply with recommendations 
of the National Board of Fire Under- 
writers for cities of various sizes. For 
comparison there is also shown the aver- 
age and maximum rates of pumpage based 
upon the average of the five cities shown 
in Table 1 

For the smallest town the fire demand is 
nearly five times the peak hour use, and 
pumps and distribution system must be 
designed accordingly without sforage, bear- 


the five cities covered in Table 1.) 


ing in mind that about 50 per cent above 
the average domestic demand plus the fire 
demand must be accommodated. 

In towns over 25,000 the peak hour and 
the fire demand are about equal. In cities 
of 100,000 or more the combined domestic 
and fire demand is less than the domestic 
peak hour demand, and fire protection 
ceases to be a controlling factor so far as 
rates of pumpage are concerned, 

It should be borne in mind that adequate 
fire protection provides for very rare emer- 
gencies. Likewise, the maximum storage 
for domestic peak hours is needed on only 
a few days in exceptional years, and usual 
ly an installation contains a reserve for 
future growth. Therefore an installation 
proportioned for domestic service is an im 
portant addition to the fire protection, It 
alone provides ample water for the great 
majority of fires, and the first and more 
important water in exceptional fires. Its 
great value is its readiness to serve 


Types of Distribution Storage 


Various types of distribution storage are 
best adapted to special conditions. These 
types are summarized as follows 
1—Most of the cities in this country are 

relatively flat and the elevated tank of 

steel is most widely used. It is now 
built in shallow depths so that all the 
water is stored at sufficient elevation to 
be useful. Sizes as large as 2 mg. are 
available. Recent designs present a very 
pleasing appearance 
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TABLE 2 


; : ” ’ : bled from the mains and repump stor 
Rates of Pumpage Required in Cities of Various Sizes Pump cores 


water back into the mains by remote 
controlled or automatically controlled 
electric pumps. The capitalized cost of 
repumping should, of course, be charged 
to the installation. In cost comparisons 
such pumping may be Icss costly than 
might be thought if operation is re- 
quired only a few hours per day during 
a limited portion of the year 


5 
Storage 
for Hourly 
Peaks 
20%, of 
Max. Day 


1 
Ave. MGD. 2 3 4 
at 100 Probable Probable Max. Rate 
Gals. per Peak 24 Peak Hr. for Fire 
Capita Hrs. MGD. MGD. Protection 
Population 100%, 167% 308%, MGD. 
1.000 ! 17 1 033 
2.000 4 ? 61 y. 066 
4,000 7 1.24 Y 134 
10,000 “7 5 3 
28.000 OL ga 
60,000 00 18.50 
100,000 30.80 12.90 
200,000 61.60 17.20 


10.00 Operation of Storage 
Mor ey 


ae ; 7 Likewise 
commodate elevated reservoirs. These so that it 


cost about half as much as most elevated rl 
tanks. Most recent reservoirs are cov 
ered, built of reinforced con I ! 
in the ground, and have long life with 
small maintenance costs. Reasonable cost 
favors large capacities. In instal- 
lations the entire fire protection water 
location is stored in addition to 
higher quirements. As much as 100 to 
not be gallons per capita is stored in 
cheap cities 

elevate d 


should be conserved for use 
water stored should be conserved 
will be available when needed 
little use for storage during about 
80 per cent of the normal year. With stor 
ge it becomes possible to run pumps at a 
nearly uniform rate, with attendant ad 
vantages of economy, and on normal days 
to utilize only a few feet of the upper part 
Dommestin as of the The storage should only 
300 exhausted during the peak 
heavy pumpage days, and 
some ' ' 
always refilled before morning 


are some situations wi 
nd is available but not high 
for a concrete reservoir on the 
ind. In su ] steel 


ere 18 


h situations circular rete burie 
nks up to 40 to 60 ft. high and of 
large capacity can be built for less than 
I I t of elevated tanks per unit 
Such tanks can sometimes 
at more than one 
ial results For the 

ill the water may 
but it furnishes a 
more eful 


It the « some 
storage 
rially 
hours of the 


c mat 


Where elevated ground is nt available Water works men are now more firm 
it is sometimes economical to build con- than ever in the belief that storage on the 
crete reservoirs or steel tanks on the distribution system pays its way in the 
ground, fill them at night with water reliability and economy of water service 


Fire Hydrant Flow Gage 


by A. A. HIRSCH 


State Dept. of Education, Baton Rouge, La 


Of the several methods in vogue for hydrant flow measure- 
ment, namely the special pitot tube-gage combination, the stream 
trajectory, the short tube with terminal orifice, and the velocity 
head reading by means of a pressure gage on a closed cap, the 
last named is the one most generally employed by reason of its 
simplicity in principal and equipment. 


The Procedure 


In determining flow from a fire hydrant by the pressure gage 
method all that is needed is to connect an accurate gage to the 
closed nozzle, and discharge the hydrant through the other 


nozzle. The flowing nozzle may be considered as a “short-tube” 


~~ 4S Peg sq ot 


Figure 1.—Dial of pressure gage calibrated to read directly fire 
hydrant flow from a 2¥4-inch nozzle. 


and its flow calculated from the usual orifice formula, but using 
an orifice coefficient of 0.9 instead of the familiar 0.61 which 
holds for a sharp edged orifice. Thus 

Flow (cu. ft./sec.) = C A V where C = fire hydrant orifice 
coefficient = 0.9. 


A area of nozzle (sq. ft.) 
Diameter’ ;, scnes? 

0.785 xX — — 

144 
= 0.00645 Diameter’,,. nes 


V2 Bg, 


water 

v2 x $2.16 K 2.31 > Pressure,,, + the 
pressure reading being taken off 
the closed nozzle 


12,2V Pressure,,, 
Substituting in the first equation: 
Fiow (gpm.) = 7.48 X 60 x 0.9 » 


Diameter® X 12.2V Pressure, 


0.00545 


2 
27 Diameter*,,,.4.,) V Pressure,,, 


This is the familiar form commonly used to calculate the dis- 
charge from a fire hydrant. 

Ordinarily the 24-inch nozzle is used, as the 4- or 4'4-inch 
nozzles do not conform with accuracy to a simple formula, Sub 
stituting the value of 2% inches for the diameter in. the above 
formula there results 


Flow (gpm. through 2% in. nozzle) 
7 ony it » 4 
27 X 2.5 V Pressure,,, 
168.7 VPre ssure,,, 
from which the discharge through a 24-inch hydrant nozzle may 
be conveniently calculated 


The Self-Calculating Gage 


Inasmuch as a given velocity head on the pressure gage corre 
sponds to a fixed discharge the gage may be calibrated to read 
this flow directly and thereby obviate the need for calculation. 
A dial so calibrated is illustrated in Fig. 1. By marking off a 
dial in this manner the gage may be used in hydrant flow studies 
to facilitate discharge adjustments and to enable flow evaluation 
on the spot without calculations or conversions. Fig. 1 may also 
be used as an approximate solution to the hydrant formula for a 
24-inch nozzle rather than perform the numerical substitutions 

The accuracy of the pressure gage should be checked on a 
cold test apparatus, especially in the low pressure range below 
500 gpm. where slight inaccuracy causes relatively large errors 
in the indicated discharge. If the test gage is off the needle 
position may be reset, the linkage between hollow spring and 
sector adjusted as required, or a calibration curve drawn to 
show the true pressure corresponding to any gage reading. From 
Fig. 1 it will be noted that below a flow of about 250 gpm. the 
type of pressure gage as illustrated is inapplicable since it fails 
to deflect. 
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ae WATER-STORAGE TANKS 


TAR-ENAMELED WATER PIPE 


Botohon. ete 


Water- 
Storage Tanks F = 


cated and erected 
this 76-ft welded 
standpipe at Akron, 


We handle the complete job | MEME Ohio. Copacity, 


2,000,000 gal. 


DESIGN + FABRICATION 
ERECTION 


The next time you are in need of holders 
for the storage of water, gas or oil, put 
your requirements up to Bethlehem. 
Bethlehem is at your service with 
more than fifty years of experience in 
furnishing all types of storage tanks to 
municipalities, We are equipped to 
handle each job from beginning to end 
from design of the structure to fabri- 


cation and erection of the steel . This Bethlehem-built, 
423,000-gal welded 
7 standpipe is located 
A.P.I. or A.W.W.A, specification, and Mer at Lynnfield, Mass. 
It is 113 ft high. 


Bethlehem Tanks are furnished to 


generally are of welded construction. 
Riveted construction can also be used, if 
desired, Bethlehem Tanks are economi- 
cal to maintain, and are dependable in 
every way 


In addition, Bethlehem specializes in : This water reservoir 
of all-welded con- 
xy ep struction, 85 ft in 
work for municipal use: buildings, diameter ond 25 ft © 


all types of fabricated steel and plate 


bridges, viaducts, large-diameter pipe, high, has a capacity 
' of 1,000,000 gol. 
stadium seating, floodlight towers, and 
other steelwork. 

For full details we suggest you call the 


Bethlehem sales office nearest you. 


For information about Bethlehem Tar-Enameled Water and Sewage Pipe, kindly turn to the following three pages a 





You Can’t Beat 
Steel Pipe 
For Strength 


Bethlehem Tar-Enameled Steel Pipe is widely 
used for water and sewage service because of 
its resilience, its resistance to shock and cor- 
rosion, and its leakproof joints. But the most 
important reason for its popularity is its great 
strength, which is evident in the chart below. 

The chart shows the theoretical working 
and bursting pressures for various pipe diam- 


eters and thicknesses. The pressures shown are 





a 


based upon the use of steel conforming to 
ASTM Specification A-283, Grade B, having a 
minimum tensile strength of 50,000 psi. When 
exceptionally severe internal working pres- 
sures are encountered, the use of higher 
strength steel is recommended. If you would 
like to have further information, kindly call 
or write the Bethlehem sales office most con- 


venient to you. 


EM 


STEEL 


THEORETICAL INTERNAL PRESSURES OF STEEL PIPE 


wh 1/2 In. 


MAX 





5/16 in. 


MAX 


3/8 in. 


min | MAX 
WRK surst | wr weK weK 

PRESS | PRESS | \B/FT PRESS PRESS 
| PSs oa Psi Psi 


555 73 | 665 775 
68 | 500 600 
78 | 465 
86 | 420 
108 | 340 
130 | 280 


148 | 240 
171 


7/16 in. 


MAX 


1/4 in. 


MAX 

werk 

PRESS 
} si 


MIN 
suRsT 
PRess 

rs 


MIN 

BURST 

PRESS | 
Psi 


| WRK 
Press 
rs 


2780 
2500 
2270 
2080 
| 1670 
1390 
| 1190 


890 
800 


(1735 

/1560/ 81 
1420| 93 
1300 | 

| 1040 


1390 
1250 


445 61 


400 700 
1135 640 
335 
270 
~36| 106 | 225 
42| 119 | 195 


“48 | 137 | 170 


86 
1040 
890 
780 
695 
625 
520 | 
450 





203 1040 


230 





200 
170 





408 
470 
539 
“611 

"669 | 


309 
357 





145 
520 
465 
415 


wall thickness is apg roximately the pipe diameter 
divided by 165. Pipe hoving this diometer-thickness ratio, when bockfilled 
and properly tomped, will withstand any depth of cover. 

For buried pipe, the rec ded " thick 
mediately above heavy block line. 





ore shown im- 














mi 








Based on use of ASTM A-283, Grade B Steel, 50,000 psi min. vitimate tensile strength. 
"Under certain conditions stiffeners may be required to reduce deflections 


internal pressure, psi | t thickness, in. | Ts allowable unit stress 60% x 27,000 (yield point) 16,000 psi | + radius of pipe, in. 


GET THE FULL STORY ON BETHLEHEM STEEL PIPE BEFORE YOU PLAN YOUR NEXT PROJECT 





TAR-ENAMELED 
STEEL PIPE 


The most dependablie and economical 
for Water and Sewage Lines 


Bethlehem 


Here are six good reasons for using Bethlehem Tar-Enameled Steel Pipe wherever economy and dependability are essential: 


SHOCK-RESISTANCE 


BEAM STRENGTH | CORROSION-RESISTANCE 


It is made from high-quality steel 
plate. Multiple 40-ft lengths up to 
120 ft have been handled without 
damage to the pipe. This demon- 
strates its great beam strength 
which is important in emergencies 


such as flash washouts. 


wy 


LEAKPROOF JOINTS 


A tight line can be made by join- 
ing pipe lengths with mechanical 
couplings, or by welding or rivet- 
ing. Washouts due to floods or 
other causes are usually spanned 


without failure of the joints. 





Bethlehem Steel Pipe is lined and 
coated with a smooth layer of coal- 
tar enamel, meeting AWWA 
Specifications. The enameled pipe 
is impervious to corrosion and in- 
crustation and has flow-coefficients 


as high as 150. 





Bethlehem Steel Pipe is designed 
with a safety factor of about 4. 
This makes it resistant to water- 
hammer, as it can safely carry a 
load of nearly four times the work- 
ing pressure. See the chart on the 


next page. 





RESILIENCE 


Bethlehem Steel Pipe is extremely 
resilient. When subjected to sur- 
face vibration caused by heavy 
vehicular traffic, it will yield 
slightly, unlike the rigid types of 
pipe which frequently fail under 


the same conditions. 





40-FT LENGTHS 


Available in 40-ft lengths and in 
all diameters from 18 in. ID to the 
largest permitted by common car- 
riers, Only 132 joints are required 
per mile as compared to 300 or 
more required by pipe of other 
materials. This results in big sav- 


ings in pipe-laying costs. 





TAR-ENAMELED 
SEWER PIPE 


Ecthlohem 


f 


og” 


Bethlehem Sewer Pipe resists corrosion caused by hydrogen sulphide and carbon dioxide gases because of its 
inert lining. Here a mechanical trough spreads hot tar-enamel evenly on inner surface of rapidly spinning pipe 


EASY TO INSTALL 


Pipe comes in 40-ft lengths, making it more economical 


Here's why Bethlehem Tar-Enameled Pipe is your sound- Bethlehem Tar-Enameled 


est choice for sewage lines: 


CORROSION-RESISTANT — Bethichem 


Enameled Pipe is the ideal pipe for sewage lines. The 


Tar- to install because fewer joints are required. Leak-proof 
joints, readily made with mechanical couplings or by 
; :; .s welding, eliminate danger of leakage to contaminate 
inertness of its smooth, uniform lining of coal-tar enamel elding, eli _ “ la BS f leakage ¢ a as 
nearby water-distribution lines. 


ECONOMY 


long service life, Bethlehem Tar-Enameled Pipe more 


enables this pipe to effectively resist corrosion caused by 
hydrogen sulphide, carbon dioxide and other sewage 
gases. The lining, applied by a mechanical spinning 


Because of its ease of installation and 


process, meets AWWA Specifications for hot-applied 


enamels. Now available to 96 in. LD.! 


Enameled Pipe has great beam strength, yet is sufficiently 
resilient to resist the effects of soil movement. It can be 


Made from plate steel, Bethlehem Tar- 


counted on for long service in all types of terrain. 


than pays for itself, It can be furnished in lengths longer 
than nominal 40 ft, if desired, It comes in diameters from 
18 in. LD. up to the maximum permitted for transpor 
tation by common carriers, 

Get full information about Bethlehem 
Steel Pipe from the Bethlehem sales office nearest you. 


Tar-Enameled 





BETHLEHEM STEEL COMPANY 


GENERAL OFFICES: BETHLEHEM, PA. 


SALES OFFICES: 
St. Pau! 


Syracuse 
Toledo 
Tulse 


New York 
Philadelphia 
Pittsburgh 
Providence 
Richmond Washington 
Springfield, Mass Wilkes Borre 
St. Lovis York 


Akron Cincinnati Houston 
Albany 


Atlanta 


Cleveland Indianapolis 


Columbus Jacksonville 
Dallas 
Dayton 
Detroit 
Greensboro, N. C 


Baltimore Johnstown, Poa 


Boston Milwaukee 
Buffalo 


Chicago 


New Haven 

New Orleans 

On the Pacific Coast Bethlehem products are sold by Bethlehem Pacific Coost Stee! Corp General Offices: San Francisco 
Sales Offices: Los Angeles, Portiand, Seattle, Spokane 

Export Distributor: Bethlehem Steel Export Corp., New York 





an important 
message from 


NOOTER 


if youre planning 
to buy 


WATER 
STORAGE 


TANKS 


A 2,500,000 gallon water storage tank, fabricated 
ond erected by NOOTER for the city of KIRKWOOD, 
MO. This is one of four tanks of similor size erected 
a, in the post yeor in the St. Lovis area, 


**yoOU BUY MORE THAN “JUST A TANK” 
WHEN YOU SPECIFY NOOTER. 
YOU GET ALL THE ADVANTAGES OF... 


COMPLETE FOLLOW-THROUGH. Final performance is the responsibility 

of one company. You benefit by constant supervision and quality control 

from start to finish — because NOOTER designs, fabricates and erects 

your storage tank. 

WIDE WORK SCOPE. Any diameter, any height, at any location. 

NOOTER has the capacity and the facilities, plus the latest fabrication 

techniques to save you money. 

DEPENDABLE DELIVERIES. When NOOTER gives you a delivery date, 

you can plan on it... not around it. Work scheduling is an exact job, 

not guesswork, and a dependable delivery date is a basic policy at 

NOOTER A 300,000 gallon water storage tank 
fabricated and erected for the city of 

COMPETITIVE PRICES. You will find NOOTER'S prices competitive and Millstadt, Illinois. 

backed up by sound money-saving recommendations, the result of 

59 years of quality tank fabrication. 


TO KNOW NOOTER BETTERWRITE FOR CATALOG 554. 
BEFORE YOU BUY, ASK FOR NOOTER'’S QUOTATIONS AND 
RECOMMENDATIONS FOR YOUR STORAGE TANK NEEDS 
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Pitometer Surveys of Water Systems 


Surveys and flow tests locate water leaks, theft, and system defects 


by W. D. HUDSON 


Asst. Chief Engr., The Pitometer Associates, Inc., New York, N.Y. 


EFORI 


veys, 


discussing Pitometer sur 
might be well to explain 
the word ‘Pitometer”. It is a coined 
word derived from “Pitot” and 
meter.”” A Pitometer is a reversible 
Pitot tube. To most water works men, 
the word Pitometer suggests an engi- 
neering service for water distribution 
[he Pitometer instrument 
combined with The Pitometer Asso 
ciates’ fifty years of engineering ex- 
perience in the field of water distribu- 
tion, forms the basis for distribution 


Sy stems. 


system surveys 
Chere are three principal types of 

Piton 
1. Pitometer water waste surveys 
?, Pitometer distribution or engi 


eter surveys 


neering studies 
l’itometer trunk main surveys 


Water Waste Surveys 


lhe water waste survey is designed 
underground leakage and 
waste in a distribution system, and to 
make a complete accounting to all 
water that 

Che first step in making a survey 
is to check any long supply mains for 
measure 


to locate 


is supplied to the system 


leakage by simultaneous 
: that is, Pitometers are inserted 
in each end of the main and the rate 


of flow is measured simultaneously. If 


ments 


. discrepancy exists between the two 
measurements, it indicates leakage or 
loss of water along the supply main 
lhe measurements are repeated, using 
sections, until the point of leak 
age or unauthorized use is located, 
Next, the pumping equipment is 
tested for efficiency, These tests very 


shorte T 


otten result in finding inefficient pump- 
ing equipment that can be repaired or 
repla ed, Often the sav ing in fuel cost 
alone during the first year will pay for 
the cost of repairing or replacing the 
faulty equipment, and will enable the 
water cle partment to provide better 
master tested 

his is important as, at 
an inaccurate master meter may 
unaccounted 


| et) the 
for accuracy 


meters are 


times 
he the sole cause of the 
water 

After the 


a measurement 1s 


master meters are tested 
the total 
water consumption of the city during 


made of 


1 twenty-four hour period. Pitometer 
devices provide continuous recordings 
of the rate of flow; therefore the max 


This poper was presented at the 22nd 
Annual Water Plant Operators’ Confer 
ence in Springfield, Ill, and is published 
in the Reference & Data Edition of Water 
& Sewage Works with permission. 


imum rate of use, the minimum rate of 
use, or the rate of use at any time dur 
ing the day can be obtained from this 
measurement. By comparing the total 
amount of water used during the 
twenty-four hour period with the min 
imum rate of use during the night, it 
is possible to tell if any large amount 
of leakage exists in the system. 

The next step in the survey is to 
divide the system into Pitometer dis 
tricts. These districts are laid out ac 
cording to conditions existing in the 
system, and vary as to size in every 
system. Usually the districts either are 
residential, commercial or industrial 
After the districts have been selected, 
a Pitometer is inserted in a large trunk 
main that will supply the district, and 
all other valves along the boundary of 
the district are closed. This practice 
isolates the district from the rest of the 
system, except for the large main into 
which the Pitometer has been inserted 
\ typical distribution system layout is 
illustrated in Fig. 1. 

Pressures are measured before any 


valves are closed and also after the 
valves are closed, to be certain that the 
district has ample feed main capacity. 
Special attention 1s given to the possi- 
bility of fire breaking out in the dis- 
trict and arrangements made so that, 
if a fire does occur, additional valves 
can be opened rapidly—leaving no pos- 
sibility of inadequate water for fire 
fighting purposes due to closed valves. 

The district measurements show the 
total consumption of the district for a 
twenty-four hour period, the rate of 
flow at any time during the twenty- 
four hours, as well as the maximum 
flow and minimum night rate of flow, 
Taking into account any industrial 
consumption in the districts, the ratio 
of the total consumption (water actu 
ally used during the twenty-four 
hours) to the minimum night rate in 
dicates the condition of the system as 
to leakage or unaccounted-for water. 
If this ratio exceeds 40 per cent, there 
is sufficient leakage to justify further 
investigation. 

The district measurements show 
sections of the city in which leakage 
exists, If the value of further investi 
gation is indicated by the district meas 
urements, this work is done at night or 
during the period of minimum flow 

The subdivision or investigation of 
the night rate is accomplished by in 
serting a Pitometer on a small (usu 
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Fig. 1—TYPICAL water distribution system isolated for pressure measurement 
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Johns-Manville 


of “Transite” Pressure Pipe 
NEW YORK 16, N. Y. 


Manufacturers 
22 EAST 40th STREET 


OFFICES IN ALL LARGE CITIES 





Here’s How TRANSITE PRESSURE PIPE 
with the Ring-Tite Coupling 


Meets These 7 Basic Water Line Problems. . . 











Pipe that may be of help to you. ..facts 
that tell how this modern asbestos- 
cement pipe is helping to solve these 
problems in many communities. 


F YOU are faced with some—or all 
I of these 7 common water-line 
problems, here is information about 
Johns-Manville Transite® Pressure 


/, Handling costs: 


Ww.&8.W 
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Because it is light in weight and easy 
Pipe 
Loading, 
unloading, and all other subsequent 
simplified 


to handle, Transite Pressure 


keeps handling costs down 
handling are 
More footage can be hauled per truck 


operations 


load—reducing trucking costs—and 


2. Installation costs: 


distribution along the trench is easier 
and more quickly accomplished. More- 
over, mechanical handling equipment 
is not necessary except where larger 
sizes are being used; the pipe sections 
are easily lowered into the trench with 
rope slings. 


Transite Pressure Pipe offers impor- 
that help 
of water-line in- 
stallation. It is quickly and easily 
assembled in the trench. The unique 
design of the Ring-Tite® Coupling 
allows installations to be successfully 


tant economies combat 


increasing costs 


completed under adverse weather, 


temperature or terrain conditions 
The job may be completed with a 
minimum of time and labor, thereby 
contributing important reductions in 


the overall cost of the system. 


1955 


3. Soil corrosion: 


Two factors give Transite Pressure 
Pipe exceptional resistance to corro- 
1) the corrosion-resistant mate- 
rials of which it the 
especially developed Johns-Manville 
process of manufacture which imparts 
a high degree of chemical stability to 


sion 
is made; (2 


the finished pipe. This high resistance 
to corrosion has been substantiated 
by numerous installations. Many of 
these are serving as replacements in 
soils so destructive that the useful life 
of the pipe materials previously used 
had been seriously curtailed. 





4. Internal corrosion: 


Transite Pipe, because of its asbestos- 
cement composition, is not affected by 
tuberculation. Therefore, it is not nec- 
essary to resort to pipe of larger di- 
ameter to offset the internal effects of 
this costly form of pipe corrosion. And 
because progressive reduction of de- 


livery due to tuberculation capacity 
is never a problem in a Transite pipe 
line, pressures and flows remain high— 
pumps operate at higher efficiencies. 
These factors are often reflected in 
better service and lower water rates in 
communities served by Transite lines 


5, Underground water losses: 


To assure tight joints, Johns-Man- 
ville engineers developed the Ring- 
Tite Coupling for use with Transite 
Pressure Pipe. This efficient, factory- 
made coupling protects against pipe- 
line failures resulting from leaky 
joints. The Ring-Tite Coupling con- 
of a Transite sleeve and two 


sists 


rubber rings. When assembled, each 
pipe end is encased firmly and secure- 
ly in the Transite sleeve and sealed 
by the two rubber rings. These rings, 
in turn, are locked into grooves 
machined in the sleeve, resulting in 
a tight, yet flexible joint, and sealing 
against leakage. 


6. Vibration and stresses: 


Transite’s flexible joints 
absorb the vibration of heavy traffic 

an especially important factor where 
pipe is laid under busy highways, or 
near railroad and street car tracks. 
Because each joint is capable of de- 
flection up to five degrees, the entire 


7. Maintenance: 


In thousands of communities, Transite 
Pipe—with its advantages of joints 
that remain tight and flexible, its cor- 
immunity 
provides low-cost 


rosion resistance, and to 
tuberculation 
water transportation that requires 


little, if any, maintenance. Transite 





effectively 


line has a flexibility not ordinarily 
found in other types of waterline con- 
struction. This helps compensate for 
soil movements and other stresses 
to which the pipe may be subjected 

provides an effective safeguard 
against costly pipe failures. 


lines do not have to be cleaned, lined, 
or replaced because tuberculation has 
reduced their original capacity. Re- 
ports from communities all over the 
country prove that Transite’s asbes- 
tos-cement structure provides econo- 
mies that continue through the years. 


the advantages of a complete, nationwide TRANSITE PIPE ORGANIZA 
TION. The facilities of this organization include more than 250 field represen 
tatives with headquarters in 58 cities. It also comprises a staff of competent 
installation instructors who explain recommended installation practices to pipe 
laying crews. 


This J-M service is an important factor in helping to assure the installation econ 
omies as well as the long-term overall economies that go with Transite Pressure 
Pipe. The work of this field organization is a vital part of the helpful Transite 
Pipe service which J-M offers the water works industry. 


DIMENSIONS AND APPROXIMATE WEIGHTS OF TRANSITE PRESSURE PIPE 
Transite Pressure Pipe is available in seven sizes from 4 through 16” and in three working classes—100, 150 and 200 





Class (maximum 


recommended 


Equivalent 


head, feet 
working pressure, 


Nominal inside diameter, in. 


8 10 2 


i 





of woter 
psi) 


Pounds per linear foot including coupling and rubber rings 





231 
346 
462 


100 
150 
200 


22 3o 
72 43 
38 53 


W 
13 
16 


16 
20 
24 
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BUTTERFLY VALVES 


San Jacinto Project uses 65 
large R-S Butterfly vaives 


CITY OF HOUSTON SAVES $124,000 with DROP-TIGHT RUBBER-SEATED VALVES 


Choosing R-S Rubber-Seated Butterfly Valves enabled Freese, Nichols & Turner, Consultants 
on the San Jacinto River project, to save $124,000 for the City of Houston. Use of 65 of these 
valves for all low-pressure service gave a substantial space reduction and the direct, in-place cash 
savings over gate valves. SMS cone check valves were also chosen for pump discharge service. 


Positive closure in R-S Rubber-Seated Valves is obtained by wedge-type closure of the disk within 
a one-piece rubber seat. Tough, flexible rubber seals the entire disk seat — including the area around 
the shaft bosses. Supervised testing of a six inch R-S Rubber-Seated Valve proved 
that after 6,000 closings the valve was still giving positive shutoff at 100 psig water. 


These valves are the product of over 75 years of design and engineering experi- 

ence in the hydraulics field. To find out more about our complete line—R-S Hydraulic 
Butterfly, Rotovalves and Ball Valves — write to S. Morgan Smith Company, Turbines 
York, Pennsylvania Pumps 


Rotovalves 
Ball Valves 


Butterfly 
Valves 


AFPFILIATE: S. MORGAN SMITH, CANADA, LIMITED, TORONTO 
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Gates & Hoists 
Trash Rakes 
Accessories 


Free-Discharge 
Valves 
Controllable-Pitch 
Ship Propellers 
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main, then the valves are 
block and a 
hydrant is opened to see if the water 

shut completely off. If the water 1s 
not off, the valves are flushed, that is, 
opened and closed until they hold 
htly. Then the feed valve is opened 


illy 6-1n. ) 


closed at each end of the 


lig 
ys 


and any flow in the block is recorded 


on the Pitometer. This procedure is 
repeated for the adjacent blocks, until 
the area to be investigated is entirely 
covered. This results in the measure 
ment of the rate of flow in each block. 
As this work is done at night, theo 
retically there should be no flow of 
water unless there is water escaping 
through underground leaks or is waste 
in homes 

Block the 
mum night rate of flow show exactly 
in which block there is leakage or use 
of water, The blocks are checked for 
leakage by using listening devices. In 
dividual services are checked with an 


measurements of mini 


aquaphone, and the mains are checked 
with a geophone, There is no substi- 
tute for experience in actually locat 
ing the leaks, and a well trained engi 
neer can tell exactly where to break 
the pavement to reach a leak 

The primary purpose of the water 
waste is to locate all leaks in 
the system. However, this survey is 
of equal value to the water department 
other is absolutely 
essential to completely shut off the 
smallest possible areas, and about 80 


survey 


in many ways. It 


per cent of the valves in the system 
are operated, This results in the find 
closed, broken or 
valves. A complete record is kept by 
the field engineer, recording the time 
each valve was operated, the direction 
ind number of full turns required to 
and the condition of the valve 


ing of defective 


Thus a record 1s obtained of valve 


operation and of the condition of most 


f the fire hydrant 


EXAMPLE of performance curves for centrifugal pumps 


I-very valve that is left closed in a 
system creates two dead ends. On a 
trunk main, a closed valve may seri 
ously affect the operation of the entire 
system. On a distribution main, it may 
be the cause of low pressure, inade 
quate water for fire protection, or 
possibly the cause of bad water. 
necessary to obtain 
tight shut-offs, any connections are 
discovered that are different from 
those recorded on the map of the dis 
tribution system. The may is thor 
oughly field-checked and the con 
nections proven. This is important in 
any and 
where the maps were developed on the 


Because it is 


system, are especially so 
knowledge handed down and plotted 
possibly 10 to 50 years after the actual 
installation was made 
Another and very 
product of the water waste survey 1s 
the use of district 
obtain data on the 
water consumption in the system for 


important by 


measuremerits to 
distribution of 
design purposes. These water con 
sumption measurements 
ordinated with the population (ob 
tained from data), and the 
actual per capita consumption can be 
computed for the various sections of 
the distribution Also, the 
ratio of maximum rates of consump 
tion to the average rate of consump 
tion is known. By taking into account 
the total consumption for the entire 
system on the day the individual dis 
tricts were measured, it is possible 
to develop all maximum water quan 
tities necessary for design purposes 
In addition to the work already de 
scribed, all meters larger than 3-in 
are tested in place for accuracy, Also 
many small meters that are not regis 
tering are discovered during the leak 
investigation. At the conclusion of the 
survey a detailed report showing the 
results of all 
mitted to the Department 


can be co 


census 


system 


measurements is sub 


As the result of eliminating under 
ground leakage, finding and opening 
closed valves, and increasing the effi 
ciency of the pumping equipment, the 
sysiem often is materially improved 
and the need for expensive reinforcing 
mains is eliminated, Leakage is ex 
pensive, as plant capacity, main Capac 
ity, dollars in and 
costs are wasted 


power, chemical 


Distribution Studies 


Pitometer distribution studies are 
made to determine 


system functions and also, if 


how an existing 
water 
the system is adequate to meet present 
needs and probable future require 
ments that will be placed upon it as it 
is expanded, 

\s in a water waste survey, thi 
distribution system is divided into dis 
tricts, and the water consumption is 
measured in each district for a twenty, 
four hour period, Then, using census 
data as a basis, a population study is 
made tor the system as a whole and 
the Pitometer district 
By coordinating water consumption 
with population data, the 
future water quantities are established 
for design purposes 


for each of 


wrobable 


In making a complete Pitometet 
analysis of a distribution system, sev 
eral types of flow tests are made, Most 
of these require both 
equipment and trained personnel. lol 
lowing is a brief discussion of the 
purpose of each of these tests and 


test 


tests special 


brief description of how some 


are made 


Testing Pumping Equipment 


Che purpose of pumping 
equipment is to determine the effi 
ciency with which the equipment per 
forms its work, The centrifugal pump 
is used in most water systems at the 
present time. Usually these pumps are 
electrically driven or are powered by 
a diesel motor. In some larger citi 
steam turbines are used 


testing 


\ centrifugal pump is designed to 
work under rather rigidly fixed condi 
tions and any appreciable variation 
from these fixed condition is accom 
panied by a decreasing efficiency. Too 
often the only demand made on a 
centrifugal pump is that it pump 
water: no attention is paid to the 
efficiency with which it does its work 


A typical centrifugal pump curve 
is shown in Fig. 2. It will be noted 
that the greatest efficiency for th 

particular pump, which is about 87 
per cent, is secured when the head i 
approximately 90 feet and the di 

rate 1s 4200 gpm; that the 


is at least 85 per cent a the 


‘ harge 


ett 1enNc 
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JOINT RUNNERS MELTING FURNACES 





> 


M-SCOPE PIPE FINDER 


MANHOLE CUSHION 


wii FOR TOP QUALITY PIPE LINE EQUIPMENT 


CHECK POLLARD 


For complete, modern pipe line equipment to meet 








virtually all your needs, be sure to call on Pollard! 


SEWER CONNECTIONS More than a century of service and experience are behind 





each of the one-hundred-twenty-six equipment categories 


listed in the new Pollard Catalog. 





Hundreds of Pollard customers depend on Pollard for 
prompt delivery of highest quality pipeline equipment, 


backed by the most cooperative service in the industry. 


PLACE YOUR NEXT ORDER WITH POLLARD. Look up the 


Pollard Catalog, or write for a new copy. Ask for Catalog 26. 


1064 Peoples Gas Byilding, Chicago, illinois 


Branch Offices 
333 Candler Building, Atlanta, Georgia 


PIPE LINE EQUIPMENT 
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trunk 
if the rate 
trunk 


water circulates through the 


to determine 
of tlow in any of the 


exce ssively high 


main system: 
mains 1s 
at an velocity and 
trun 


than 


to determine if any mains are 


, 
carrying |e water normally 
vould be expected 

wate! 


Measurement of the flow of 


through the trunk main system is of 
the utmost importance in the study o1 
he 
feasible way of making this type 
Pitometers Ihe 


inserted in the main 


analysis of a distribution system 
only 

test is by using 
Pitometer is 
through a l-in corporation cock (asa 
Pitot 


reverse 


reversible tube the Pitometet 
flows in the 


Pitometer 


mcasure 1A) 


From the recordet one can 
obtain a continuous record of the flow 
at the gauging point for any period of 
that is desired, usually a 
four hour period 
point, the total amount of water that 
through the 
four 


tine twenty 


Lhus, at the gauging 
flows main during the 
hours 
measured is the max 
and the 
making 
simultaneously, 


twenty is measured: also 
imum rate of flow 
flow Ly 


gpaugings 


minimum rate ot 


several VPitometer 
one can determine ex 


actly how the water circulates through 
the trunk main system 

Pitometer flow measurement re 
quire that special equipment be used 
trained to conduct the 


tests and to interpret the results 


by engineers 


Fire Flow Tests 


Fire flow tests are made to de 
termine the amount of water available 
for fire fighting purposes 

‘These tests are the one t i of di 
tribution flow test that is easy 


and 


to make 


which does not re juire much 





TYPICAL pressure charts used to determine hydraulic gradient 


equipment Four pressure 
gauges and three hydrant Pitot tube 
are all that is needed for 
\W hale 


lo make , 


dial typ 


most test 


fire flow tests are rather easy 


and the 
nected with them are 


computations con 
not too difheult 


these tests are invaluable to the aver 


age water works man in determining 
distribution 


whether or not the water 


system 1s adequate 


From a fire flow test, the 


flow ot 


pre sure 


and water available for fire 


protection at various points in the 
\lso, trom 
the location of ce 
lhe Na 
nderwriters 
flow 


ill he 


determined 
flow test 
can be 
Board of 
athhiate 


tests in mo 


system can be 
the 


ncienche 


hire 
determined 
lire | 


have 


tional 
hire 
t cities, | hese tests ¢ 
lf there ha 
in the 


or it made 


re-run been no improve 
ment system, and if there | 
considerable change in the test result 
that 
tem 


t would be a good indication 


something is wrong or that the 
overloaded at that point 


Following is a brief description of the 


ha heconne 


procedure in making a fire flow test 


At the 


system 


point on the distribution 


where the amount of water 
tor 
determined 


hydrant 


available fire protection is to lb 


place a hire 
Then place a hydrant Pitot 
the 


hydrant ; Ora 


gauge on a 


gauge in nozzle of a second 


pressure gauge can be 


attached to the nozzle of the 


hydrant 


second 
This pressure gauge must be 
the 
water 1s 


in tie ame 


plane as nozzle 


which the drawn 
the pressure on the first 
hydrant then open the second hydrant 
and simultaneously 
on the 


through 
( )bserve 
read the pressure 
Pitot first hydrant gauge and 


on the econd hydrant yatige 
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re flow test the | 
hould form a group that 
serious fire 


Also 


a rate suf 


1} case ola 
r study water 


harged at 


a drop in pressure 


not be measurably 
in the 


he necessary to dis 


al fluctuation 


hydrants simultaneous 
fficient drop in pressure 


te test 


per minute rate of dis 
each hydrant can be de 
sure readings 
the 


' 
now can 


trie pre 
related to 
L he 
can be com 
he formula () 27D*P 
nula, “Q” is gallons pet 

is the diameter of the 
i and “P”’ is the dis 
velocity head ) in 


yauge 
e nozzle 


table. ol 


ire { 
uare inch 

amount of 

idual ( the 
hould be 


ipprox miate 
it 20 psi re 
vhich a system 


putations can be made 


Pitometer loss of head tests are ex 
tremely important in planning design 
work for the system. The resulting 
design work can be only as good as the 
basic data that No one can 
guess the internal condition of pipe, 
and visual inspection is of little value 
in estimating the roughness coefficient. 
The Williams-Hazen give 
values of the coefficient that may be 
expected, based on the age of the 
pipe. These tables are quite accurate 
for the type of water in the area in 
which the tests were made. However, 
the characteristics of water 
widely that the only accurate way to 
determine the roughness coefficient of 
pipe is to make a loss of head test 

Loss of head tests also determine if 
a main-cleaning program will be a 
benefit by returning the mains to near 
their C-130 coefficient \ 
main program will 
eliminate the need, or delay the neces 


is used 


‘| ables 


Vary so 


original 


cleaning otten 


sity for reinfor« ing the system 


Pressure Recordings 

Pressure recordings are made to de 
termine the fluctuations of pressure in 
the distribution system 





Residual Press 


\ (Hydts. closed) 


Residual Press Res. Press 
\ (Hydts. closed) (Hydts. Open) 


0 psi 








is in the main 
«pected discharge can be 
from the 


more accurately 


zen formula 


At critical points in a water distri 
bution system, recordings 
should be considered a necessity. This 
is one way in which a constant check 


pressur e 





| Residual Press 
(Hydts 


0 pa 


closed) 





Residual Press Res. Press 
(Hydts. closed) (Hydts. Open) 


{ 





tests often bring to light 
a fire flow 
results 


‘ le sed 


conditions. If test 


made and the are 
nmive 


d valves frequently are 


tigate for 


tests indicate something 
the distribution system 


Loss of Head Tests 


made to cle 
condition of 


lead tests are 

he internal 
whether they are tuber 
if obstructions exist, The 
obtained from a Pitometer loss 
test are expressed as the co 
roughness “C” value in the 

Hazen | ormula 

head test re 
meters to obtain the veloc 


a loss of 


accurate pressure recording 


feet of water) to obtain the 


} 


ind in engpineet thoroughly 


thi type ot work 
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can be kept on the system. By compar 
ing the pressure gaugings from time 
to time it can readily be learned if the 
pressure pattern is changing, If there 
is a sudden reduction in pressure, and 
if it continues to stay lower, there is 
a good possibility that a sizable leak 
has developed, If the pressure drops 
gradually, it is probable that the sys 
tem is hecoming overloaded or that 
the trunk mains are losing their carry 
ing capacity. Permanent seven-day 
pressure recording gauges should be 
installed in all pump stations and, 
usually, in each fire station in the 
city. As a rule, the fire stations are 
fairly evenly spaced throughout the 
city and are a good location in which 
to install pressure gauges 


If there are complaints regarding a 
particular part of the system, it is a 
rood policy to run twenty-four-hour 


zg 
pressure gaugings, usually at two 


points simultaneously. One point 
should be in the area in which the 
trouble exists, and the other point 
should be where the feeder main is 
made to supply the area. By compar 
ing the gauging charts, the pressure 
loss between the points can be deter- 
mined. This procedure might help to 
find the trouble. 


Hydraulic Gradient 


Hydraulic gradient measurements 
are made to determine the pressure 
drop between various critical points 
in the system. This type of test is a 
necessity in order to make an analysis 
of a water distribution system 

The test is made by placing pressure 
recording gauges at the critical points 
and by obtaining the flow at these 
points by using Pitometers. The pres- 
sure gaugings are run simultaneously 
It is necessary to determine the ele- 
vation of the gauge at each gauging 
point. See typical charts; Fig. 3. Us 
ing the elevation, converting the pres 
sure at the gauging point into feet of 
water (by multiplying the pressure in 
psi by 2.31), and adding this value 
to the elevation, the water level can be 
determined at each point. These data 
can then be plotted on suitable graph 
paper, and the results will show the 
hydraulic gradient 

Fig. 4 illustrates the 
gradient across a part of a water sys 
tem. On examination of this chart, it 
may be noted that the slope is much 
steeper in the first section of the 
main. It is obvious that the large loss 
of head occurs from the pumping sta 
tion to the first gauging point. The 
logical step to reinforce this system is 
to provide additional main capacity 
from the pumping station to a point 
in the system that will materially re 
duce the loss of head in the first sec 
tion of the hydraulic gradient 

From the data obtained in 
tests, a complete analysis is made of 
the existing system. The weak points 
and strong points are determined. The 
tests frequently bring to light such 
conditions as closed valves, air pock 
ets, badly tuberculated mains, or other 
deficiencies which can be corrected: 
thus enabling the system to operate 
at maximum efficiency without major 


hydraulic 


these 


improvements 

If improvements and reinforcing 
mains are needed, then information 
regarding the system obtained in mak 
ing the tests, combined with the com 
plete data available, will form a sound 
basis for the design of reinforcements 


Trunk Main Surveys 


Trunk main surveys are made to 
determine how 


through the trunk 


water circulates 


main system. the 





R-167 


mains which carry their share of the 
the which over 





mains are 
mains which are not oper 


and the internal 


walter, 
loaded, the 
iting efficiently, 
condition of pipes. 

In making a trunk main survey, the 
trunk main system is divided into test 
Usually a test ex- 
tends between two principal trunk 
mains. By simultaneously making sev- 
eral Pitometer gaugings, the amount 
of water entering the section of main 
to be tested is measured, the take- 
offs from these trunk mains through 
principal feeder mains are measured, 
and the flow out of the test section is 
measured, Then the adjacent section 
of trunk main is tested in the same 
manner. This procedure is repeated 
until flows through the entire trunk 
main system have been measured 

By taking into account the pump 
age during the days on which tests 





sections section 


WATER LiVEL in FEET 


are made, and by establishing a rela- 
tionship between the tests by repeating 
the trunk main to 
two test sections, it is possible to simu- 
late the condition of making all tests 
during a single day. Thus it is deter 
mined exactly how the water circu- oc uv ww 2 bo 
lates through the trunk main system OISTAME TIMES 4000 FELT 
rhe trunk main survey is designed 
principally for large cities having an 
system. 


gauging common 


Bnt~0 6 epee & 
fom he Pe be inde 


h 


Fig. 4—HYDRAULIC gradient lines of a distribution system 


extensive trunk main 

his article very briefly covers the 
type of Pitometer surveys 
and flow tests that are used in analy- 
sis of a distribution system. The water 
departments in large seldom 


men who constantly work on 
distribution With 
present material costs and high taxes, 
is essential that improvements in 


Irom 
water 


study of their distribution systems. It 
is not economically feasible to do so. 
It is economical to consult occasion- 
ally with an engineering firm about it 


different 
problems 


cities 


maintain sufficient equipment and 
trained personnel to make a complete 


special problems, and to obtain the 
benefits of experience and technology 


volving large expenditures shall be 


R&D 


thoroughly engineered 


WHAT LEAKS COST 


STEAM 
Member of 
Lae Weered 
per Monm 


WATER SERVICE AND SEWER RENTS 


rhe following interesting decision is reported by the Muni ipal 
Legal Information Service of the New York State ( 
of Mayors and Other Municipal Officials 

“On October 11, 1940, the Court of Appeals, Richmond county, 
Ohio, held that the city of Mansfield had authority by ordinance 
and rules and regulations issued thereunder to shut off water at 
premises which are delinquent in their sewer rental payments 
Pointing out that it is well settled that a city may shut off water 
for non payment of a delinquent water bill, the Court considers 
the direct question involved in this case of the power of a city 
to discontinue one service for failure to pay for another service 
and holds that the sewer and water systems are so closely related 
as to be considered one transaction as the operation of the sewage 
system is dependent upon the water supply, therefore, it is rea 
sonable to shut off water for nonpayment of a delinquent sewer 
rental bill. The court cites and relies upon the case of Dodd 1 
City of Atlanta, 113 S. E. 166, which reached the same decisior 
as was reached in the instant cese. Gatton v. City of Mansfield.’ 
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—_ | a : Cleaning controtied by 2-way radio 
‘ 


7 i ys i>. 
NATIONAL CLE He » be — 


eeeeee ™~ 


increases water pressure 


FOR WASHINGTON, D. C. 


Cfo 
ve Clean, . 
in 
9. 


Way back in 1907 and again in 1926 National successfully cleaned the water mains 
of Washington, D.C. 

In 1945 a five year program to clean and recondition the water main system of 
Washington was begun and National in conjunction with the Centriline Corporation was 
successively awarded the cleaning contracts for 1945, 1946, 1947, 1948 and 1949. At 
the completion of these contracts, National was awarded additional cleaning contracts 
for 1950, 1951 and 1952—in short, all the cleaning jobs to date. 

Tests made on those lines already cleaned and centrilined indicate a co-efficient 
of over 130 as against less than 90 before cleaning, resulting in lower pumping costs, 
increased volume and higher pressure. 

Let us estimate the cost of restoring your lines to at least 95°/, of their original 
carrying capacity. Write today. 


NATIONAL WATER MAIN CLEANING COMPANY, so cturcn st, new vork 7, w.¥. 


333 Candier Building * BERKELEY, CALIF; 905 Grayson Street © DECATUR, GA; P. O. Box 385 © BOSTON, MASS; I/5 Peterboro Street 
* CHICAGO, 122 Se. Michigan Avenue © ERIE, PA; 439 E. éth Street © FLANDREAU, $.D; 315 N. Crescent Street © KANSAS CITY, MO; 406 Merchandise 
Mart and 220! Grand Avenve © LITTLE FALLS, N. J; Box 91 © LOS ANGELES; 5075 Santa Fe Avenue © MINNEAPOLIS, MINN; 200 Lumber Exchange Build- 
ing * RICHMOND, VA.; 210 E. Franklin Street © SALT LAKE CITY; 149-15! W. Second South Street © SIGNAL MOUNTAIN, TENNESSEE: 204 Slayton Street © MON. 
TREAL, CANADA: 2032 Union Avenue © WINNIPEG, CANADA; 576 Wall Street © HAVANA, CUBA; Lawrence H. Daniels, P. O. Box 53 © SAN JUAN, 


ATLANTA, GA 


PUERTO RICO; Luls F. Caratini, Apartado 2164 
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Water Main Cleaning and Lining 


A review of the technique and advantages of these practices 


By J. A. FRANK and A. G. PERKINS 


Mr. Frank is Vice-Pres.-Genl. Mgr., National Water Main Cleaning Co., New York, N. Y., 


and Mr. Perkins is Sales Manager for the Centriline Corp., New York, N. Y 


HIS discussion is designed to 
explain and illustrate the “why, 
when, and how” of cleaning and lin 
When the carrying 
there is 


ing water mains 


capacity of mains decreases, 
a corresponding decrease in the serv 
iceability of the system. Briefly, the 
need to recover water main capacity 
is “why” water mains are cleaned 

and 2, show 
increase of all the 
Section which 


AWWA 


rhe curves, Figs. 1 
the population 
cities in the Southwest 
reported answers to an 
questionnaire, both in 1945 and in 
1950. Fig. 1 illustrates trends of 
cities below 400,000 and Fig. 2 fo 
those of cities above 400,000 popula 
tion levels 

Examining two sets of curves, we 
find that there are 
negative indicating 
population ; these two exceptions were 
caused by military installations which 
were after World War 2 
[he conclusion to be drawn from 
these curves is that, except for dis 
tortion caused by war, the population 
of each city has increased. Considera 
tion of the slopes of trend 
curves also indicates that the rate of 
increase of population becomes in 
creasingly rapid as the population be 


comes greater 


two cities having 


slopes, loss of 


inactive 


these 


Increasing Water Consumption 


Trend curves for all cities in Figs. 
1 and 2 show that the only slopes 
which are negative are for the cities 
in which the demand curve is dis 
torted by military installations 


Fig. 4 illustrates the demand for 
water shown by these cities. The de- 
mand, as figured here, is the product 
of the population times the per capita 
water consumption. By reexamining 


Figs. 1 and 2, it will be apparent that 
the demand is cumulative: as the 
population increased, the per capita 

consumption 
faster rate. Thus, the slope of the 
curves in Fig. 4 is much greater than 
the slope of the population curves; 
as pointed out before, the per capita 
water consumption more 
rapidly as the population increases 
and, therefore, the slopes on Fig. 4 
are a reflection of the cumulative 
effect of increasing per capita wate 
consumption at the time the 
population is increasing 


water increased at a 


increases 


same 


Unaccounted-for Water 


\lso to be noted is the fact that 
the slope becomes steeper and steeper 
as the city grows larger in population 
In plotting data, the una 
counted-for water (the difference be 
tween the total quantity produced 
and the total amount sold) varies; in 
as high as 


these 


some cases the amount is 


EFFECTIVE DIAMETER (INCHES) 


100 69080 70 COCO 
HAZEN - WILLIAMS (C/ 


EQUIVALENT pipe diameters required for 
specific “‘C” values. 


120 no 


40 per cent. It is interesting to not 
that, in the cities where the una 
counted-for water is held to 15 pet 
cent or less, each city has had Pitom 
eter surveys made 

In summing up, we can conclusive 
ly see that Fig. 4 indicates the de 
mands on the water distribution sys: 
tems have become greater and greater 
New pipe to take care of this grow 
ing demand has not been laid as rap 
idly as the demand has increased 

The loss of coefficient for the vari 
ous sizes of pipe as predicted in the 
Hazen & Williams Handbook is illus 
trated in Fig. 3. Note that this is a 
family of curves, and that the cen 
troid of the family has been drawn 
as a heavier line. The significant point 
to be noted is that, while the demand 
on the been going up 
and up, ability to 
supply demand has been decreasing at 
the rates shown 

The equivalent diameters required 
they coethcient 1s 


systems has 


the coefficients or 


for pipes as lose 
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R-170 


Hazen-Williams 
grapns reproduced here- 
total 
er mains in the U. S. is estimated 
one-half billion dollars, 

amount of capital in 


trated in the 
valve 
ince the investment in 
rour and 
tremendous 
estment is being lost due to loss of 


oethcrent 


ummine up. we find that the load 
g Ul 

lines 18 increasing at a 
which is cumulative, 


the wate 
rapid rate, 
that the ability to serve (the ca 
of the pipe lines) is dropping 
Thus, if we 
coemhcient, 
capacity, 


ery alarming rate 
recovet the loss ot 


the resultant loss ot 


ire then in a position to improve 
r this loss in capital plant 


Water Main Cleaning Methods 


water main clean 


can be divided into two separate 


[he process of 


which in the case of smaller 
consisting of 4-in, and 6-in 
we will call “drag work.” Clean 


bot 


and larger diameters 1s 


method.” 


in 


y the “pressure 


Drug Method 


work, such as 


notincation, et« 


After 


preliminary 
ation, , the drag 
consists of isolating the 
main cleaned, then making a 
cut at the entrance point and a cut 
it the exit point, The nipples cut out 


usually 28-in. in 


worl proce 


to be 


ot the main are 


le ngth 


\ light cable is extended through 
line from one end to the 


means of jointed rods 


the water 
other, either by 
or a piston-like device called a car 
rier. A “make-up,” which allows tem 
porary repair at the starting point, 
and a stuffing box are next installed 
[he water pressure in the main pro 
which drags the light 
main behind it. Fig 
used with fire 


pel the carrier 
e ti rough the 
. ows the make up” 


nose connection 


run through 
powe T 


After the 


the main, the 


light cable is 
cable from a 
ig-in 
pulled back to the starting point and 
attached to this 
heavier cable, After the cleaning tool 
is pulled into the main, entrance to 
the main at the starting point ts pet 


winch, usually in diameter, 1s 


the drag tool is 


manent! repaired, using Dresser 


solid slee ves 


' 
couplings of 
' 


Water ts 
cleaning tool is pulled through and 


turned on so that. as the 


the deposit from the interior 
flushes the 
dirt ahead of the cleaning tool to the 
When the 
exit pom#t 
and 


scl ip 


ot the man the water 


cleaning tool 
the line ts 
then is shut 


exit hole 


emerges at the 


thoroughly flushed 
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POPULATION 


GROWTH of cities in Southwest Section of A.W.W.A. 


(based on 1945 and 1950 data). 








_ Le. 


E- stiesci . om : 


bas } 


Fig. 1—Cities below 400,000 population 
levels. 











Fig. 3—"C” Value vs. Time Family of 
curves for various pipe sizes, based on 
Hazen G Williams Handbook. 


down long enough to permit per 
manent repair at the exit hole. The 
air is vented from the line and the 
line is restored to service. It is good 
practice to shut off the various service 
connections while cleaning proceeds, 
in order that the debris will not enter 
the service lines 


Pressure Method 


The pressure method of cleaning 
includes the same preliminary steps 
as the drag method, namely, excava- 


- 





4 


L —EEE 


Fig. 2—Cities above 400,000 population 
levels. 


Pig 


Jonesbor ark. 





EARS 


Fig. 4——Water Demand vs. Time Calculated 
as the product of population multiplied 
by per capita water consumption. 

tion, notification, and isolating the 

main, The main is then shut down, 

and nipples varying in length from 

6 feet to 9 feet are cut out both at 

the entrance and exit holes 


There are two methods of entering 
the cleaning tool into the main. The 
first consists of pulling the cleaning 
tool into the nipple by means of a 
horizontal tripod braced against the 
nipple and using a jack, such as a 
coffing-hoist, to pull the machine into 
the nipple proper. Fig. 6 shows how 





Fig. 5—CONNECTIONS for fire hose are made by these ‘‘make-up” devices. 


Water pressure propels the carrier. 


this is done. This nipple, with the ma 
chine inside it, is then put back into 
the main by means of Dresser cou 
plings or solid sleeves 


The water is turned on, and the rate 
of travel of the cleaning tool is ad- 
justed to 50 and 100 feet 
per minute, The cleaning tool, which 


between 


uses pistons to propel it, has adjust 


ments to permit more or less water 
to pass through the machine and to 
the dirt ahead of it. When the 
cleaning tool emerges at the exit point, 
it down after flushing 


nipple at the exit point is again 


flush 


the line is shi 
rhe 
recoupled by means of Dresser cou- 
plings of 


solid sleeves 


Cutting the Pipe 


In the past, the cutting of the water 


pipe has always been a time-consum 
g practice. We are today using mul 


tiple cutters so that four cuts may be 
thus reducing 


made simultaneously, 
main is out 


the length of time the 


7 shows the set-up using two 

Smith cutters which are 
mounted on the pipe prior to shut-off. 
lhese employ specially designed high- 
cycle electric motors, and are capable 
of cutting any cast iron pipe in 15 
minutes of We also use an air- 
operated saw, and Fig. 8 illustrates 
two of these saws set up on the pipe 
Chese particular saws have great ver- 
satility and are suitable for cutting 
pipe from 10-in. up to and including 
60-in. diameter. These air-powered 
Wachs saws will cut a cast iron pipe 
of any thickness in a number of min- 
utes equivalent to the diameter of the 


less 


pipe. Both cutters illustrated are ca 
pable of producing clean, even cuts. 


Disposal of Waste Water 


In the past it has been difficult at 
times to properly prepare for disposal 
of the quantity of wash water result- 
ing when large diameter mains were 
cleaned in city streets. We have de- 
veloped a technique, using line caps 
and small size valves, to hold to a 
minimum the quantity of water to be 
disposed of at the exit point. Figs. 9 
and 10 show such set-ups on a 24-in 
cast iron main. By this means, the 
total discharge from a 24-in 
easily handled by means of two 8-in 
discharge lines. Recently we handled 
the total discharge from the cleaning 
of an 84-in. conduit by using 
only two 12-in. discharge lines 


line, is 


steel 


Radio for Operations Control 


Another modern practice in water 
main cleaning is the use of two-way 
radio to control the operation. Two 
way radio has been so highly devel- 
oped and is so successful that we 
wonder how jobs presently considered 
routine could have been handled with 
out the use of radio in the past. Posi 
tive and instantaneous control of hy 
draulic grades by two-way radio dur 
ing the water main has 
proven to be advantageous 


cleaning 


The combined use of the line cap 
and discharge lines with two-way ra- 
dio control allows the line to be fully 
charged at all times, and the speed 
of the machine is regulated by the 
amount of opening of the discharge 


valves. One of the hazards, that of 


Fig. 6—CLEANING TOOL inserted in 
nipple by using a jack. 


the possibility of collapsing the pipe, 
has been completely obviated; thus, 
the use of this method of cleaning 
allows water mains to be cleaned even 
though the head of water is exceed- 
ingly high 


In the past, large diameter ma 
chines were awkward and jacking 
the machine into the main was a time 
consuming, laborious process. An 84 
in. cleaning tool may now be jacked 
into a steel main, using our modern, 
long-stroke hydraulic jack, This oper 
ation matter 
of minutes, while in the past, hours 
and full day might be 
consumed in the operation 


has been reduced to a 


sometimes a 


Cleaning and Lining Experience 


For photographs illustrating the in- 
terior of water mains prior to clean 
ing, and after cleaning, see Water & 
Sewage Works Reference and Data 
Edition, May, 1954, pages R-23 to 
R-32. The quantity of material re- 
moved from 7,000 feet of 24-in. cast 
iron main recently on a job at Lyn 
brook, Long Island, N. Y., is illus 
trated in Fig. 11 


Where has 
tion of the original pipe, serious con 
sideration must be given to rehabilita 
tion by cement-mortar 
pipe lining, which not only will pre 
serve the coefficient of carrying ca 
pacity, but will stop leaks. This con 
sideration applies to graphitic corro 
sion in cast iron mains as well as to 
the deterioration of steel mains 

It has been very general experience 
that, unless corrective chemical treat 
ment is instituted, 


there been deteriora- 


means of a 


a pipeline coeff 
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Wii the pipe you buy today withstand the increasing punishment 
of the heavier, higher speed traffic of tomorrow? Cast iron has been 
tested and has a record of 100 years service in over sixty larger 


cities in the United States. 


Routine load bearing tests as illustrated assure the purchaser of 


trouble free service from APCO Cast Iron Super DeLavaud Pipe. 


In sizes 3’ to 24” in modern long lengths. Bell and Spigot, Mechani- 
cal Joint, Flanged and Roll-on Joint pipe. 





General Sates Offices 
ANNISTON, ALABAMA 


We Invite Inquiries to Our Nearest Sales Office 


120 S$. Michigan Ave. 350 Fifth Avenue 
Chicago, Illinois New York 1, New York 


LABAMA PIPE COMPANY 


ANNISTON ALABAMA 
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We invite inquiries to our 
neorest sales office 


120 Se. Michigan Avenve 
Chicago 3, til. 


350 Fifth Avenve 
New York 1, New York 


Sliding or screw type cast iron 
valve boxes for covering 4” 
through 10” valves for water or 
gas. Rugged construction for 
lifetime service. 5'4"’ shaft. 


Extensions as required. 


Cdjuslab le 
VALVE BOXES 


Valve boxes supplied with 
separate bases are available in 
sliding or screw type. Made with 
54" and 7” shafts with extensions 
as required. Also, a complete line 


of service and roadway Boxes. 


ALABAMA 
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be reduced more rapidly 
cleaning than its previous rate 
ction. This is unquestionably 
by inability to do a good job 
ng without seriously damag 
ulready penetrated original 


nrotect 


ve coating. 


Cement Mortar as Protective Lining 


e of cement mortar as a pro 

ng for water pipelines has 
100 years. As early 
report of the French 
recognized the 


overt 


cence 
mortar linings prior to 
history of cement lin 
1850 


began he fore 


d and coated sheet 
in Carry 


Atlanti 


first used 
vatet by 


e early pipelines are 

ce. Harold Ohland, Divi 
of the City, 
ystem, has reported on 


ler Sey 


ight-gauge metal pipe, hav 
nterior and exterior covering 
t mortar, which was put in 
1885, the 


the line 


me tine 


olde 


prior to 
st record of 
ne is still in service today, 


no immediate plan for 


d 13 illustrate a 16-in 
ed from service in Jet 
une, 1947; the 
It consists of 


pipe wa 
approxi 
uge wrought tron sheet, 
WT he 
layer of cement mortar lin 
in. thick 
tuberculation of 
hel Va 


use carrying an aggressive 


inside was pro 
This pipe wa 
corrosion, 


water-tight after 


cement nortalr 


ct oO! 
metal pipe from corrosion ha 
cussed in many published ar 
|arne | Manager 


( harleston, Ss { 


Gibson 
Dept and 
Y. Carson, Research Engineer, 
Cast Iron Pipe Co., were 
nterested in the early 
i lining for cast iron pip 
ld withstand the very ag 

r of Charleston. Theis 
the behavior of cement 
that 


seventy 


pipelines (which at 


been in use tor overt 


| to the installation, by the 


irleston, of the first known 


pipe having factory-applied 


pun cement mortar lining. This type 


nent lining for new cast iron 


now common in modern 


le experience has demonstrated 
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CUTTING PIPE. (Left) Fig. 7—High-cycle electric motor A. P. Smith units. 
(Right) Fig. 8—Air-operated Wachs saws will cut all C. |. Pipes. 


WASH WATER DISPOSAL. Figs. 9 and 10—Line caps and small size valves enable two 
8-in. lines to handle discharge from 24-in. main. 


DEBRIS REMOVED. Fig. 1!1—This quantity of material resulted from cleaning 7,000 feet 
of 24-in. main at Lynbrook, N. Y. 


that pipes properly cement lined at 
the factory would not corrode ot 
j pipe 


tuberculate on the inside, many 


lines are installed to carry aggressive 
without mortar pro 
Once the original paint, tar, 


waters cement 


tection 





coating apphed to new 
has been pene 
comes in contact with 
tuberculation starts 


or asphalt 
pipe at the 
trated, water 
the metal and 
Che effect of tuberculation on carry- 
ing capacity during times of rising 
demands, and the resulting need for 


have described 


factory 


main cleaning, been 


Experience with Aggressive Water 


The need for protective treatment 
in addition to cleaning is evidenced 
by the fact that pipelines re-tubercu 
late after cleaning. In fact, re-tuber 
culation develops more rapidly after 
cleaning than before. Fig. 14 illus 
trates the loss of coefficient in water 
pipelines after cleaning. These data 
represent about ten years of experi 
ence in Durham, N. ¢ 
It should be noted in Fig. 23 that 
two lines, hydraulically parallel, 
about the same characteristics 
in loss of coefficient. By 1951, nine 
months after cleaning, both pipelines 
had lost about 40 points on the Hazen 
and Williams scale. This program of 
cleaning, started in 1940, had made 
it necessary by 1950 to re-clean every 


the 
show 


year. The cleaning was timed for late 
spring so that maximum delivery of 
both pipelines was available for the 
summer peak load 


Another example of the effect of 
extremely aggressive water is in 
Charleston, S. C. Mr. Gibson stated, 
in a report published in the New 
England Water Works Journal in 
1926: “The Charleston Water De 
partment had experienced for years 
a material falling-off in the carrying 
the iron mains 
throughout its distribution 
This was particularly called to their 
attention in the constantly increasing 
friction head of their twelve 
of 24-in. cast-iron main between their 
pumping station and the center of dis- 


capacity of cast 


system 


miles 


This main had been cleaned 
with the result that after 
losses in 


tribution 
three times 
each cleaning the friction 
creased very much more rapidly, and 
in the last cleaning 80 per cent of the 
results from cleaning had been over 
30 days after cleaning 
‘hat is to say, the after 
cleaning had prac 
tically that of new cast-iron pipe, but 
within 30 days after the date of clean 


ing this coefhicient had again decreased 
1, 


come within 
coethcent 


been re stored to 


until it was practical the same as 


that before cleaning 
n and Charleston exam 


les are chosen as the extreme in re 
uberculation, and are not typical of 


less aggressive 


t 
t 
; 


waters 


90-YEAR OLD PIPE. (Left) Fig. 12—Jjersey City’s 16-inch, riveted wrought iron line. 
(Right) Fig. 13— inside protection by cement lining. 
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MONTHS AFTER CLEANING 
RE-TUBERCULATION, Fig. 14—Experience shows pipelines tuberculate more rapidly 


after cleaning than before they are cleaned. 


Cement Lining Pipelines in Place 


Until 1933 there was no satisfac 
tory method for placing a cement 
lining in large pipelines already in 
stalled. During that year a process 
for cement lining pipelines in place 
was invented and developed by Al 
bert G, Perkins, This process had its 
first field trial on a short 
an installed 72-in. line in 
N. J. The process is known today as 
the Centriline process of centrifugally 
applying cement mortar 


section ot 
lersey City, 


The test at Jersey City received 


little publicity, but its success led to 
the cleaning and lining of over 27,000 


steel line 
from Ma 


lining of 


feet of old 48-in. riveted 
supplying Newark, N. J., 
capin intake, The cement 
this pipeline not only 
pacity lost through tuberculation, but 
exceeded by 14 points on the Hazen 
and Williams scale the original cleat 
pipe capacity. The improved capacity 
resulted from the streamlining of sur 
face over the large rivets on the in 
side of the pipe. In addition, the lining 
stopped all leakage through holes in 
the pipe imterior of 
exterior 


restored ca 


Ww all c aused by 


corrosion 


need for a 


pipe i! 


intense 
lining 


Because of an 


rie thod of cement 
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CAST IRON PIPE FOR WATER SERVICE 


The practice of using cast iron pipe for water service 
started in Europe around 1455 and around 1820 in this 
country. This practice has continued down through the 
years and it is still the most widely used type of pipe for 
water distribution systems. The most desirable combina- 
tion of strength and long life has made and still makes the 
use of cast iron pipe the most economical in the long run. 
Our strategically located foundries are well equipped to 
furnish cast iron pipe and fittings in sizes starting at 


2-inch for intakes, pump stations, filtration plants, supply, 
Installing 10” U. S. centrifugally cast iron pipe ital P PP'y 


for @ water distribution system feeder and distribution mains. 


CAST IRON PIPE FOR SEWERAGE SERVICE al 
Cast iron pipe and fittings have a wide application in the 
sewerage field. They have three outstanding properties: 
|. tight pressure type joints that prevent infiltration, 2. 
beam strength, compressive strength and bursting strength 
to withstand severe installation conditions, 3. long life 
and resultant low amortization charges that have been 


proven by years of satisfactory service. 


Cast iron pipe and fittings in sizes 2-inch and up can be 


furnished for flow lines, pressure mains, siphons, stream : . : 
I i . Section of 36” cast iron outfall sewer installed 


crossings, outfalls, pumping stations and treatment plants. on concrete piers 


TYPES OF PIPE AVAILABLE 


Our cast iron pipe centrifugally cast in metal molds is 


manufactured in accordance with American Standard 
Specifications A21.6 or Federal Specification WW-P-42 1a. 
Pit-cast pipe is made to conform to American Standard 


Specifications A21.2, 


Fittings (bell-and-spigot) can be furnished in accordance 
with American Standard Specifications A21.10 for the 


short-body type 3-inch to 12-inch, also A.W.W.A. Specifi- 
cations C100 43-inch to 60-inch for the long-body type. 


Fittings (flanged) are made to conform to American 


U.S. 


rele tp a baeyel 


PIPE 
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Sen Francisco 
Kansas City 


Standard Specifications Class 125 (B16.1) and Class 250 
(B16b) or long-body A.W.W.A. type. 


Mechanical joint for cast iron pipe and fittings is made in 
accordance with American Standard Specifications A21.11. 
Pipe and fittings can be furnished with cement lining in 
accordance with American Standard Specifications A21.4 
or manufacturer’s standard. 

Flexible joint pipe, flanged pipe and plain end pipe are 
made to standard or manufacturer's specifications, which- 


ever are applicable. 


UNITED STATES PIPE AND FOUNDRY CO. 


General Office: Birmingham 2, Alabama 


SALES OFFICES 


Pittsburgh 
Dallas 


Seattie 
Syracuse 


Cleveland 
Houston 


Minneapolis 
Los Angeles 





ice, thus first contract arouse 

terest in the waterworks 
pers by Banks and Inglee 
lished and an editorial by William 
V. Brush described the “making of 
the Newark line better than betore”’ 

a noteworthy achievement in the 

ater works field.”’ 

The success of the first 48-in. job 
led to the development of machines 
ind equipment for the lining of 
maller diametet pipe Che first step 
vas to line 36-in., then 30-in., and 
then 24-in. diameter pipe. It was be 
lieved for some time that 24-in. was 
the smallest diameter pipe which 
could be lined by a proportionate re 
duction of the original lining ma 
chine, since it is considered the small 
est size pipe in which a man of nor 
al size can enter the pipe, turn 


around, and leave the pipe 


Field Equipment for Lining 


In this size range, a typical field 
setup would include a trailer stationed 
‘ the entrance of the excavation It 
provides an electrical generator which 
supplies power to all of the lining 
units and support equipment. Mortar 
for lining is mixed in an electrically 
driven, specially designed mortar 
mixer mounted in the rear of the 
trailer, Fig. 15. Special attention 1s 
given to the slump of the mortar. The 
capacity of the mixer ts suc 1 that am 


| 7 ] 
pie mixing time 1s assured 


Mortar ordinarily is discharged di 
rectly into a chute which carries it 
down to a travel buggy, big 16 
l railing an electrical supply cable, the 
travel buggy” carries a supply of 
mortar through the pipe tor a dis 
tance ot approximately 1000 teet t 
the lining unit. The lining unit starts 
operation at the maximum operating 
distance from the suppl excavation 
nd works toward it 

\ “mortar supply buggy” which 
travels with the lining machine re 
ceives the full charge ot mortar trom 
the “travel buggy” and feeds the mor 
tar continuously into the lining ma 
chine hopper while the travel buggy 
h 


goes back tor another load ly the 


hopper, the mortar is carried by a 


crew type conveyor through a tube 
into the center of the applicator, Fig 
17. At this point, a device extrudes 
the mortar evenly in all directions 
through slots in the tube—forcing it 
directly into the hase of the blades in 


the rotating applicator. 


The Centrifugal Applicator 


The centrifugal applicator rotates 


LINING EQUIPMENT. iLeft) Fig. 15—Electrically driven mortar mixer. (Right) Fig. 16 


—Travel buggy carries mortar through pipe to lining unit. 


ROUGHING TROWEL 
a 
| oo 





DIRECTION 
OF TRAVEL 








LINING APPLICATION. Fig. 17—Within the water main, mortar is extruded and then 


trowelled to walls of pipeline. 


INTERIOR LINING. (Left) Fig. 18—Machine started at this end. 


Trowel end of 30-in. lining machine in action 
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AUTOMATIC LINING MACHINE. Fig. 20——Remote control operates this unit designed 


to fit pipe diameter of 16-in. size. 


1000 

the mortar onto the pipe wall 
teacl) 
Vrojecting behind the centrifugal ap 


it approximately rpm and 


tnrow 
na stream Of fine parti les 
plicator is a slowly rotating trame on 


whicl 


ire mounted 


two or three finishing trowels 
lhe held 
against the freshly placed mortar by 
spring 
ilign the trowel and to pro 


trowels are 


i light in order to 


flexibly 


; 
citice 


pre ssure, 


a very smooth lining surface 


| iv 1 


machine started operation in a 36-in 


shows where the lining 


cast iron pipe, and reveals the unlined 


portion at the edge; beyond the ce 


ent mortar may be seen as it was 


projected before trowelling: and far 


er back, the troweled section as 


e trowe were released onto the 


\ lining machine in 


pip 


mortal urtace 


operation inside a 30-in is illus 


trated in Fig. 19 


Lining thickness is changed by 
varying the travel speed of the ma 
hine, Thickness of the lining depends 
on the size and condition of the pipe 
line Most 


4/16 to 


cement linings are from 


inches in thickness 


Automatic Lining Machine 


24-in 


of pipe were designed to 


\ll machines to line and 
larget size 
be accompanied through the pipeline 
by an operator. Since it was originally 
considered impractical for a man to 
work in pipelines smaller than 24-in 
1950 built 


a machine which could be operated en 


in diameter, Centriline in 


tirely by remote control. This machine 
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was designed to operate in pipe diam- 
ters as small as 16 inches, Fig. 20 
The new unit is sometimes referred 
to as the automatic lining machine, 
since the various operations are auto- 
coordinated or are electri- 


interlocked to 


matically 
cally or mechanically 


control proper sequence of operation. 


rhe 
through a flexible hose to the auto 
auto 


cement mortar is pumped 


matic unit at a rate which is 


coordinated 
machine 


matically with the de- 
mand of the The 
through which the mortar is forced 
is automatically retracted ahead of the 
located on the 
\ll functions 
be controlled 


hose 


machine by a winch 
surface of the ground 
of the 


a switchboard on the surface, 


machine can 
trom 
Fig. 20. The basic principle of apply- 
ing the mortar is the same as in the 
larger machines 


In spite of original doubt that it 


was feasible for men to enter 16-in 
pipe, all 16-in. and larger pipes lined 
are now inspected before and after 
lining by men traveling through the 


pipe on wheeled carriages 


In the centrifugal method of lin 
ing pipes, the pipeline fittings such as 


valves, 


tees, and corporation cocks 
offer no problem—only the amount 
of mortar to produce the required 
thickness of lining is projected from 
the center of the pipe by the appli 
cator. Any special fittings are easily 
shielded or plugged prior to the pas- 
sage of the lining machine. After the 
lining has been placed and has taken 
its initial set, a man enters the pipe 
to remove plugs and to execute any 


minor hand work which might be 
necessary at special pipeline fittings. 


Additional Methods of Lining Pipe 


Two other methods for applying 
cement lining in large pipelines have 
been used in the United States since 
the development of the centrifugal 
process. One method utilized com- 
pressed air to blow cement, sand, as- 
bestos and water onto the wall of the 
pipe in a manner similar to a slowly 
rotating cement gun. The second 
method utilizes compressed air to 
blow premixed mortar through slow- 
ly rotating tubes to the wall of the 
pipe. 


The Tate Lining Process 


A method of placing a cement lin- 
ing in small diameter pipelines was 
invented by William T. Tate of Syd- 
ney, Australia. This method has been 
used in the United States since 1937 
for lining pipes from 4 to 14-in. in 
diameter. 


The Tate process utilizes a bullet 
shaped tapered lining tool to press the 
cement mortar on the side of the 
pipe. Excavations for lining are made 
at approximately 300-foot intervals. 
The pipe is cleaned by conventional 
methods using a cable-drawn or hy 
draulic cleaning tool. Cleanings of 
debris and water are removed by rub- 
ber discs drawn through the pipe, 
Fig. 21 


With a cable threaded through the 
section of pipeline being cleaned, suf- 
ficient mortar to line the entire sec- 
tion is forced into one end of the 
pipe. The cable is fastened to the lin- 
ing tool, and the tool then 1s drawn 
slowly through the pipe section by 
means of a winch located at the op- 
posite end of the pipe section 


The lining tool, Fig. 23 consists of 
a hollow bullet-shaped mandrel which 
tapers up to a maximum diameter 
about ™%-in. less than the inside diam- 
eter of the pipe to be lined. Guide 
springs hold the mandrel centered in 
the pipe so that there is about '%4-in 
clearance between the trailing edge of 
the lining tool “skirt” and the pipe 
wall. The “skirt” is perforated by 


several rings of closely spaced small 


he les 


As the lining tool is drawn through 
the pipe, the mortar pushed ahead of 
it creates a back pressure which keeps 
the space between the lining tool and 
the wall of the pipe filled with mortar. 
Since the skirt on the lining tool is 
tapered, the mortar is firmly pressed 
against the wall of the pipe. The re- 





sulting pressure forces water and 
some cement through the small holes 
in the skirt, leaving firm and smooth 
mortar around the wall of the pipe 
and a “flat” in the bottom consisting 
of excess cement squeezed out of the 


lining 


Special nttings, corporation cocks 
excavated and tem 
when lining 
Che winches which 
the 
ends of 


’ 
Vaives 
removed 


and are 


porarily with 
the Tate process 
pull the 
pipe art 


various tools through 
located at opposite 


each section 


Cement and Sand Specifications 


Cement and sand carefully 
chosen for this type of work, The 
sand must be clean, sharp silica sand, 
and must meet certain grading stand 


ards 


are 


Cement ordinarily used is Portland 
ype II. This often is blended with 
natural cement, or with high grade 
pozzalanic material. The used 
is five parts Portland Type II to one 
part natural cement or pozzalank 
material. The ratio of sand to cement 
varies from 1.0 to 1.5 parts of sand 
to 1.0 part of cement 


ratio 


Advantages of Mortar Lining 


[here are important reasons tor 
the adaptability of cement mortar to 
the lining of pipelines in place 
normal moisture inside a 
buried pipeline provides a condition 
to which best suited. Ce 
ment mortar lining develops its high 


est strength when kept saturated with 


(1) The 


cement 15 


water 


| 


: leaned by con 


(2) Pipe sur faces « 
ventional methods retain particles of 
the original coating and the corrosion 
products. Under these circumstances 
complete dependence cannot be placed 
only on a bond between the lining 
and the pipe surface to hold the lin 
ing in piace. Cement mortar has the 
high compressive strength necessary 
to hold itself in position as an arched 
ring on the inside of the pipe 


3) Steel pipelines in many in 
stances have been pitted through be 
inside corrosion 
on mortar 
the strength necessary to bridge these 
leakage, even 
water at 


cause of outside or 


local areas. Cement has 
and to 
the pipe 1s 


ssures 


holes prevent 


when carrying 


high pre 


CLEANING AND LINING. Fig 21—Above are scrapers and sWabbers for cleaning; and 


below, Tate process lining tool. 


4 


> 


' 
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LINING TOOL. Fig. 22—The hollow bullet-shaped mandrel, centered by guide springs 


to give 4 in. clearance at “‘skirt’’ end. 


(4) The chemically alkaline nature 
of cement mortar is an important 
factor. No thin lining material can 
be expected to completely isolate the 
inside surface of 
pipeline from water 
throughout long years of service. The 
pH value of moisture which pen 
mortar lining is in- 
which is non-cot 
lo maintain 


a long length of 


corrosive 


trates a cement 
creased to a level 


rosive to ferrous metals 


this condition the mortar must remain 
saturated (as is the case 
in water pipelines). The “zone of al 
kalinity” created at the surface of the 


continually 


pipe wall prevents tuberculation and 


corrosion 

(5) The adaptability of cement 
mortar to forming a very smooth sur 
face which will provide high pipeline 
carrying Capacities 
1955 
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M & H VALVE AND FITTINGS COMPANY 


ANNISTON, ALABAMA 
Ihe letters M & H are the sign of quality on Valves, Hydrants 
and Pipe Line accessories. High quality materials, simplicity 


of design and expert workmanship have established for M & H 
enviable reputation for dependable service in the water works 
and sewage and for industrial uses. M & H products 


are modern in design, with many exclusive M & H features 


M&H VALVES AND FIRE HYDRANTS 


‘) (sate \ alive are furnished double dis parallel seat, oT solid 


bronze mounted. non-risine stet or outside screw and voke 


| 


| reares ind vith enclosed 


‘TCASC CAM also h at iulicallsy 
operates ize } Low Pressure and High lressure Trathe 


quare Lottom \V aly ; an established part of the M & H line eeavant 


ompression typ drants conform to latest specifications of the 


iter Wor \ ciatio Chev are available either in standard, flush 
: <P ” nt 
model liydrants with 5'%4 nel valve opening are listed BP 
) lt nderwriter boratori ol avo and Associated kactory Model 


Hydrant 
on and A.W.V ants w “and 414” valve opening 

ipproved 

feature 1“ | , lubricate, revolving head 


removed without digging 


FILTER PLANTS & SEWAGE PLANTS 
y — END CONNECTIONS 


licall d el cally overate 
Hydraulically and electrically operated M se & 1 Valves and Hydrants ar 


available with Standardized Me 


& H Valves are used in sewage treatment 


IZ ‘ . - ? — : 
lants, water works, filter plants, et 
; : : Acs chanical Joint ends for use with 
ave time and labor since these valves can , 
standardized mechani i omt cas 
be operated by remote control for auicl 
. — ‘ iron pipe, also with hub 
easy closing or opening. They are also tee —~ 
ends, flanged, Ring- Tite 
used as emergency 
ay . tg and Universal ends 
valves to admit higher 


water pressures into the 
mains in ca ot hre 
Sizes 2” A.W. 
W.A 
H Flap Valves FIRE PROTECTION 


and Shear Gates are M & H makes a complete line vf 

valves, hydrants, indicator posts and 
iron body, bronze underground pipe fittings for fire 
protectio water systems All of 
these M & H products are approved 


and listed by the National Board of 


mounted, used in Fil 


r: ‘ Sewave : 
tration ind mewage Fire Underwriters of Chicago and 
Hydraulle 1) posal Plants by the Associated Factory Mutuals 

te Valve of Boston All castings therefore 


are marked “UA—FM.” 


Lew Pressure Gate 
Valve Rising Stem 


Spring Check Vaive 
Rising Stem 
Gate Vaive indicator Post 


M & H PRODUCTS INCLUDE: 


FLANGED FITTINGS TAPPING SLEEVES AND VALVES 
LEVER CHECK VALVES 

MUD VALVES 
Gs FLANGE AND FLARE FITTINGS 
Lew Pressure Gate CUTTING-IN TEES 
Valve Neon. Rising Stem Shear Gate 
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Application of Altitude Valves 


and Pressure Regulators 


By WILLIAM F. END 
Engineer and Treasurer, Ross Valve Mfg. Co 
Troy, N. Y 
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Valves to Balance Head 


of this papet 
practical and 
and operation 
having 


4 >. SUBJECT matter 
is a review of the 
successful installation 
ot automatic 
been in service (and on 24-hour duty ) 
for a half century 

\long with the development of the 
sccrence ot supplying pure water, has 


valves some 


grown the closely allied work of dis 
tributing this water to the population 
being served. As the areas of popula 
tion have expanded with the evolution 
of running water at the tap in the 
household, and the extinction of the 
public well, so likewise have the prob 
lems of pressures and pressure con 
trol expanded 
rhe old adage, 
the water till the 
never more true when ap] lied to the 
present-day water supply. From the 
standpoint of health, and the danger 


You 


well runs 


never Hiss 


dr Wa 


of fire hazard to a community, even a 
shut-down of 


a public water supply ts 


temporary service of 
pressures in 
of serious consequence 

he magnitude and responsibilities 
of the present-day water supply sys 
tem have necessarily caused water 
works engineers and operators to turn 
to the use of automatic devices for in 
creasing the efficiency and reliability 
of the service. Let there be no mis 
take about the responsibility of these 
individuals; theirs is a 24-hour 


to the mandates of the com 


job 


subject 


mission, politicians, and individual 
consumer. To provide anything but a 
miserable existence for the operator, 
“must” to have in the 


such as automat 


it becomes a 
system devices 
valves and automat 


lhe advantages of an automatk 


equipment 


pressure control valve, properly de 
signed, installed and maintained, pet 


mit flexibility within the system be 


SKETCH NO2 


DISTRIBUTION 


ability of this device to 
the normal and ab 
normal conditions the 24-hour 
day; and without undue attention by 


the operator 


cause of the 
adjust itself for 
overt 


Types of Automatic Valves 
four standard types of 


Ss, any one or combina 


Chere are 
automatic valve 
tion (a single unit having two or more 

in the 
thereby 
iIncreasiny the the com 
plete water supply system. A gravit 
or pump supply with or without tanks 
floating on the system undoubtedly 
will have need for some type of auto 
matic valve which will correct unhbal 
anced or excessively high pressures 

lhe four basic or standard types of 
valves may be identified as 
Reducing, 2. Altitude, 3 
Back -Vressure, and 4 


controls) of which may serve 
control of flow o1 pressures 


ethciency of 


automat 
1. Pressure 
Relef-Surge 
Float 
Pressure Reducing Valves 
lhe tirst of 
appearance in the waterworks field as 
a throttling orifice in London about 
1700 reduction 


was, ot 


these valves made it 


( onstant 
course, possible only with a 


lhe 


pre ssure 


uniform rate of flow engineer 


ELEVATION. 1000 0 { @eservoie } 


\ 
\ 


VALVE EC. fivaTron 7460 


VALVE ELEVATION A972 


27380 





Valves to Reduce Static Pressure 
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Provep IN THE PAST... 


| FIT FOR THE FUTURE 


SLUICE GATES 


Up 


SHEAR GATES 


_— 


FLAP VALVES 


; Atlanta, Ga. Kansas City, Mo. 
Boston, Mass. New York, N. Y. 


MUD VALVES Chicago, Ill. Philadelphia, Pa. 


Houston, Texas Pittsburgh, Pa. 
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Valves to Balance Unequal Pressure 
l 


changing 
(in 


devised a means of 
automatically the 
smaller valves only ) 
in the form of stem movement into 
and out of the valve seat. While the 
change was an improvement, the de 
sign made use of an unbalanced stem 


SOOT! 
size of orifice 
his device was 


and was considered by qualified stu 


dents to be bad practice 
\s late as the 1870's, presure re 
duction in water supply for pipe line 


larger than 3° was accomplished by 
what was known as break-point ba- 
sins. Water discharging from a pipe 
into these small basins would reenter 
the pipe at about zero pressure ; and, 
depending on the head or pressure to 
be dissipated, one or more break 
points were a part of the gravity pipe 
line from reservoir to distribution. By 
this method of reduction, 
control for the varying rates of flow 
was difficult and resulted on the one 
hand in the with 
consequent walter ; 
the other hand, drainage of the basis 
and entrained air in the pipe line. The 
maintaining 


pressure 


basin 
and, on 


overflow of 
waste of 


engineer's problem of 


adequate flow, pressure reduction and 
and waste 


repla ement ot 


alt Was 


solved b 


elimination of 
ultimately 
break-point basins with the pressure 
reducing valve 

A valve which 
stant pressure at its discharge side is 
considered a pre 
In the sketches immediately following 
are illustrations of the this 
valve adapted for the particular need 
distri 


will maintain con 


ssure reducing valve 
use of 


in conduit from reservoir to 
bution 
Sketch No 
a distribution system in which, as the 
extensions enlarged 


tional reservoir or storage is required 


1 shows reservoirs and 
the system, addi 


reservoirs normally cannot be 


located at one elevation, the problem 


ince 


of heads becomes one of the balanc 

ing of pressures; and the need, there 
fore, of automatic Pressure 
reducing valves in the pipe lines from 
the reservoirs of higher elevation may 


devices 


be adjusted to discharge into the sys 
tem at the same head as that available 
reservoir 

? is another illustration 


from the low 

She ti h No 
showing the need of pressure reduc 
tion in a pipe from a reservoir having 
an elevation (let us assume) 1000 ft 
above the distribution system. If the 
satic pressure of 1000 ft (or approx 
imately 435 Ibs) were to enter dis 
tribution, with no stretch of imagina 
tion one may visualize the problems 
with which the operator would be 
confronted rhree stations of 
sure reduction from 110 Ibs to 10 Ibs 
each would dissipate approximately 
700 ft or 300 Ibs of static head; 
allow approximately 100 Ibs pressure 


pres 


and 
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to safely enter the distribution 

Sketch No. 3. Where, because of 
the contour of the terrain, a commun 
ity is inflicted with a distribution 
which has much greater length than 
breadth, and a supply entering at one 
end, the problem of unequal pressures 
because of head loss is a major one 
\ssuming the trunk main runs the 
length of the distribution system, uni 
form pressure may be had throughout 
the entire length of the system by sup 
plying water through pressure reduc 
tion chambers strategic 
points along the feeder main 

Sketch No. 4. A community located 
on a side hill, with little or no flat 
land, presents a problem of pressure 


located at 


zoning ; and suggests inter-connection 
of these zones by pressure reducing 
valves. When our forefathers chose 
to settle on the banks of a river in 
mountamous and semi-mountainous 
country, they had in mind water 
transportation and water supply in the 
form of the hand pump and bucket 
Ik xpansion and development was ad 
the river; however, when 
(prompted by the river 
flooding low lands or for other rea 
started movement up hill to 
higher ground, the settlers promptly 
gravity 


jacent to 
expansion 


Sons) 
engineered the first of our 


supplies. As the community or 
a side hill, so also grew 


city 
grew upon 
the problem of constant and uniform 
pressures, resulting in the develop 
ment of pressure zoning and the fur 
ther need of the pressure reducing 
valve 


Sketch No ¥) 
made 


In passing, comment 
the 
sleeping valve.” This valve ( pressure 


should be on so-called 


located between two sys 


districts, 


reducing ) 
tems, zones ofr 


sionally only for a pre-adjusted pre 


opens ocen 
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Altitude Valves 


alve, another of the 


ird automatic ilves, at 


and interest when 


ttention 


incl elevated tatir were 


the waterworh protes 

the 
stem 
of the 


the 


cient mstrument in 
distributior 
ed the 


controlling 


f the 


value 


load 
tan! 
sery 
contribute to 
of the tanl 
to the overall eth 
of thi 


alone 


the or pe al 
the 
the 


isolating 
peak loads i 
iltitucle valve 
periormance 


I he tine 
to 


tem 

ot contined tanks 
ire used on oper and closed 
filtration plant und mn 


an altitude alve. one 


for a single or double 


the 
feature 


unplifying u speci 
| f | 


requirements 


particular 
eTvice 
oO speci ed does not 
eacombination valve 
treated 


Ine ubse 


the 


in) 
is classified 


altitucl 


valve 


double acting 


\ single 


which permits flow 


‘ ting alti 
tuck ilve | 
into the 


colic 


tank or reservoir and closes 


to prevent overflow Iischarge from 
} 


tank or reservoir is taken through a 


incl 
altitude valve 


ee. 


' or 


1 the 


irate pry a bypas swing 


hre« irourn 
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m 


J 


have an 
the 
stem in the main valve to operate m 


lve may 


\ singh 


external control which will allow 


acting va 


two positions wide open and closed 
or as a throttling valve where the 
floats the column of 


as the water 


main stem on 
water, gradually closing 
rises in the tank or reservoir 

lhe double acting valve opens wide 
into the 


prevent overflow, and opens wide for 


to pass water tank, closes to 
reverse flow from tank to distribution 
Che installation of this would 
therefore require but a single pipe for 
supply to from the 
tank 

The location of altitude 
should be adjacent to the tank or res 


valve 


and discharge 


an valve 


ervoir, or as near as construction ob 


stacles will allow. Such location will 
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Valves to Supply Make-Up Water 
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e und Double Altimmde Valves 


permit communication to the pilot of 
the true static head of in the 
tank, which otherwise is not possible 
because of friction loss between valve 
and tank. A true static pressure com 
inunication to pilot will guarantee sen 
sitive and accurate control of the tank 

\ltitude are 
trolled by hydraulic pilots; however, 
both the single acting and double act 


water 


valves normally con 


ing altitude valves may be controlled 
by a three-port solenoid which is actu 
ated (energized or de-energized) by 
a float or pressure switch 


Relief or Surge Valves 


The relief 
times called 


or valve, 
back pressure 


another of the four standard types of 


surge SOT 


valve, is 
automatic valves in use in the water 
works field. This valve 
pressures at its inlet side rather than 
to pressures at the discharge side, as 


responds to 


is the case of the pressure reduction 
the altitude 


valve or single acting 


valve 
When referred to as a relief valve. 


it is considered an automatic device 
for releasing a gradual pressure rise 
which may, without correction, sub 
rupturing pres 


Che installation is made where 


ject 


sure 


a pipeline to a 


there is easy disposal of the wasted 
water necessary to dissipate the pres 
sure 
the line 


wave or back-flow surge within 
Che location of the valve may 
he in a side outlet discharging to a 
stream, well, or zone of lower pres 
sures 

In terms of a surge valve, we think 
of the valve as an automatic device 
which will arrest sudden pressure rise 

the intensity of which may produce 
the pipeline. Installation 


hammer im 





1 


be as mentioned above or, where 
used in conjunction with pumps, in a 
bypass around swing check and pump 
to the suction 

\s a back pressure valve we thin 
the upstrean 


a pre clete1 


of an installation where 


pressure (not to exceed 


mined amount) is to be maintained 
When performing as a back pressure 
alve, the valve passes or discharges 
only that volume of which will 
hold the upstream pressure of that de 


his 


vantageous in a 


water 


sired type of service is ad 


system of two zones 
where one (during certain periods of 
the day) may waste a volume above 
its requirements to another. The valve 
will pass only the amount of water 
limited by the adjustment of the pilot 
so that the zone receiving this water 
cannot an overdraft through 


the 


receive 
valve 

\ valve of this description (in ad 
dition to the use just described) may 
serve as a protective measure against 
over-drafting by deep well pump. Al 
so, installed in a reservoir reé 
from a 


service 
storage reset 


adjusted to 


célving watet 

voir, the valve 
throttle flow; and, at 
maintain 
for 


may be 
the same 
nozzle ~ 


time, 
pressure on aerator 


aeration 


Float Valves 


\nother of the standard automati 


valves is the float valve. This assembly 
may be specihed as direct acting | with 
with 


stem supported by large 


float and lever arrangement) o1 


main valve 
float 
solenoid pilot operated). In any c¢: 

a float is the and is di 
rectly or indirectly 
movement of the stem in main valve 


(hydraulic operated of 


pilot 
prin mover 
responsible lor 
\s a direct acting valve, the opera 
as h 


its operation 


tion is throttling ;: however drau 
lic pilot controlled valve, 
may be throttling or the 


made to assume a wick open or clo ed 


stem may le 
position. When a solenoid pilot is used 
a float witch to 
valve the 


wide 


in conjunction with 
the 
either al 


actuate in main stem 


operates mn open o1 
‘ losed position 
In the 


valve is 


float 


wart 


held, the 


extensively in 


waterworks 
used 
not m 
the 
climate 


where free Zing will 


the 


climates 


terfere with movement of 
float : 


where the use of the valve is a prob 


however in colder 
lem (due to its exposed mechanism ) 
the operator may substitute some forn 
of altitude valve 


Combination Valves 

\t this point, having covered the 
four standard assemblies of automatic 
valves, it would be an oversight if we 
failed to comment on the combination 
These have only in recent years 
further 


valve 


been recognized asa step to 
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Combined Pressure Reducing and Back Pressure Valve 


control of the 
alone im 


vard more ethcient 


supply system—not 


the light of economy as labor saving 


watet 


devices, but a means of obtaining 24 
hour and 


service 


regulation uninterrupted 
These valves, a combination of two 
four standard auto 
matic valves, may be arranged to con 
im one oT both 
lwo o1 


or more ot our 
trol flows o1 
directions through the valve 
more hydraulic pilots or solenoid pu 
lots, 
conditions 


pressure 


or combination of both, may (a 
require ) be a part of the 


external control. Vo those of us who 
have not had experience with a com 
bination valve, it may be advisable to 
refer to one or two of these valves 

Sketch No. 7. In this sketch, two 


eparate systems are illustrated 


Ame 
of SO Ibs 


No. 1 with a normal pressure 
ZO" No 2 
normal pressure of 50.Ibs. The prob 
lem assumed is one in which Zone | 
can assist Zone 2 which (during per 
iods of high draft) experiences a low 
ering of pressures. (ther conditions 
involved are the excessive 
which Zone 1 may place on Zone 

and the possible overdrafting of Zone 


and with a 


pressure 


1, particularly in the event of fire in 
Zone 2. Also, in the event of 
Zone 1, priority must be given to Zone 
1 for 

The 


requirements 18 a 


hire m 


fire flows 
these 


valve 


vill 


combination 


valve which meet 


having two hydraulic pilots in series 


one to control the valve as a pres 
sure reducing valve so that discharge 
into Zone 2 is held to a predetermined 
pressure ; the other pilot to control as 
valve and insure 


Zone 1 lhe 


combination 


a back 
against 
valve, 
pressure reducing and back pressure 


pressure 
overdrafting 
therefore, is a 


valve 


lhe predetermined sate 
Zone 2 is 60 Ibs—theretore, the 
reducing pilot has the re 
sponsibility of delivering the 
()bviously, Zone | is to have 
ove! 


pressure 
lotr 
pressure 
sale 
pressure 
priority ; therefore, to avoid 
draft by Zone 2 in 
break in this Zone 2, 


sure adjustment on the back pre 


event of fire o1 
a predetermimed 
pre 
to provide the necessat 

this is 45 
reason consumption 


ure pilot 1 
protection lf adjustment 
Ib and for 
in Zone 2 is excessive (and the pres 
ure in Zone | less than 45 
lbs) the valve closes or throttles 

The following will identify a 
bination altituct back pre 
controlling a tani operating 


any 
bee Ones 


Con 
and assure 
valve 
in conjunction with pumps taking suc 
tank. This 
pass water into the tank 
two precdete rmined bacl 
the distribution ), 


tion from the valve is to 


(however for 
pre sure on 
close lo prevent 
and, 
the 
to prevent circulation thru the 
to tanh 

Ihe 


planned are 


overflow when pumps are tal 


Ing suction valve remains closed 


valve 
conditions of operation a 
such as to require three 
hydraulic pilots and two solenoid pi 
lots 
tions as 


In performing automatic opera 
hack 


( ore 


above, two hydraulic 


pressure pilots are in parallel 
in series with electrical solenoid and 
the other hydraulic pilot te 


with solenoid to be 


pumps 
SCTICS manuall 
a switch located at a re 

The third hydraulic pi 
lot, for closing to prevent overflow 
of the tank, is in series with the two 
parallel hydraulic pilots and their re 


operated by 


mote pomt, ) 


spective solenoids 
that 


valves has been 


In conclusion, it can be said 


the use of automatic 
is, and will always be essential to the 
ethcrent 


operation of water worl 


system 
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HE A. P. SMITH MANUFACTURING CO. 


produces, FIRE HYDRANTS A. W. W. A. Specification 
and High Pressure — Compression Type — Dry and Wet Barrel 
Types. é GATE VALVES sizes 2° thru 66°, Manual, Hydraulic 
Cylinder, Electric Motor Operated for Low, Medium and High Pres- 
sure Service. nite INSERTING VALVES sizes 4” thru 48” for 
inserting under pressure. 6, TAPPING SLEEVE AND VALVES 


sizes 4” x 2” thru 60” x 48” for branch connections under pressure. 


- THE A.P. SMITH MFG. CO. 


EAST ORANGE. NEW JERSEY 
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Valve and Hydrant Maintenance‘ 


by HOWARD W. NIEMEYER 


Superintendent of Distribution, Indianapolis Water Co., Indianapolis, Ind 


e- INSUMER dependence on an uninter- 

4 rupted public water supply has grown 
beyond belief within the past two 
Mechanical refrigeration, 
air conditioning, water-cooled industrial 
machines and other modern are 
creating such a continuity of essential de- 
mands that there is no longer a satisfactory 
or convenient time to shut off water service 
Simultaneously, public tolerance for inter- 
ruptions even in normal domestic service 
seems to be disappearing. This demand for 
a higher standard of service will force the 
plant operator to give more and more con 
sideration to valves and hydrants 

Systems with inadequate valving will re- 
quire the installation of additional main-line 
valves to minimize the service 
interruptions which cannot be avoided. Un 
valved hydrant leads, particularly in critical 
will need valving to eliminate main 
shutouts during repairs. More thought will 
have to be given to the selection of the 
type of valves to be installed in large teeder 

operation against unbalanced 
Particular attention must be paid 
and structure of valves, to 

endurance for the life of the 
that they themselves will not be 

service interruptions to effect 
their repair or replacement. A preventive 
maintenance program for valves and hy 
drants, which has always been good oper 
ating practice, has become a must in pet 
petuating their readiness to serve 

It is unfortunate that valves and hydrants 
are not self-sustaining. The infrequency of 
their use may lead to the false assumption 
that they are not subject to wear and 
therefore remain in operating con 
dition without attention. The converse ts 
more likely to be true, however, in that 
lack of more detrimental than 
frequent operation. There numerous 
forces at work which can cripple or destroy 
for the purpose for which 
installed 


almost 


decades or so 


uses 


areas ol 


areas, 


mains tot 
pressure 

to the design 
insure their 
pipeline so 
a cause lor 


good 


use may lx 


are 
their usefulness 
they wert 


Corrosion 


Probably the 
system problem corrosion 
phase of this resulted 
the promiscuous use of unprotected dissimi 
lar metals in the structure of system 
components. Cast iron and bronze have 
long been the metals used for 
water works Separately they 
have an excellent record of endurance, but 
suspended together in a solution, they pro 
duce galvanic corrosion. The rate and effect 
of this corrosive 


distribution 
Cone 
trom 


most serious 
today 18 


problem has 


common 
materials 


action in valves and hy 
drants will depend on their design and on 
the mineral content of the water, but it is 
always detrimental. Until such time as this 
problem is fully recognized and solved in 
either metal or structure design, the plant 
operator's difficulties will continue. It may 
be noted that galvanizing of the iron part 
tried with some 
with this type of 
determine — its 


has beer degree of success 
but 
is insufficient to 


effectiveness 


protec tion 
long -rang« 


‘ x per rence 


sive action, there is a loss 
results in a weakening of 
If it is a working part 


In any corre 
of metal, which 
the affected part 


Vol 


tion 


fror 


y permiss 


,A.W.W.A 


on of the Assox 


* Reprinted 
(195 ' 


42, p. 6m 


subject to operating straim, 
corrosion can eventually lead to failure 
Equally as serious in valves are the prod 
ucts of corrosion, which form on the sur 
faces of moving parts and reduce or elimi 
nate entirely the essenti, | clearances needed 
for their freedom of movement. Periodic 
operation of valves will break off the cor 
rosion deposit and help maintain the re- 
quired clearances. Valves that have not 
been used for many years may be found to 
be entirely inoperative, because corrosion 
has swelled and then welded the moving 
parts into an unmovable, oversize mass 

in hydrants does not exist in 
valves since the 


Corrosion 
the same degree as in 
moving parts normally remain relatively 
dry. This situation changes, however, it 
the hydrants are set in an area of ground 
water that is sufficiently high to submerge 
their lower operating parts. Then corrosion 
can make their condition deteriorate enough 
to cause failure 

The stuffing-box 
hydrants is another 
presenting maintenance 
rosion that is primarily galvanic also takes 
at this point and fills the 
space about the stem with deposits. The 
most serious effect of this action is the 
mcrease in torque required to operate the 
affected valve and hydrant. Periodic oper 
ation will tend to work the deposit out of 
the gland and keep the operating stem 
moving freely, while neglect will allow the 
deposit to grow and harden until the stem 
becomes tightly wedged in the gland 

Of course, periodic operation of the 
valves and hydrants will cause a disturbance 
in the packing material in the stuffing gland 
If this material has lost its resiliency, the 
gland will start leaking. This condition ts 
not a problem in hydrants since they 
readily be repacked, and it does not become 
a problem in valves until they leak 
tinuously with the stem collar seated against 
its socket. A valve that leaks only during 
its operating cycle is a fault which is not 
serious enough to warrant the expense of 
the pavement cutting necessary to install 
new packing. Packing failures are suff 
ciently common, however, to require careful 
selection of the material to be used. The 
most satisfactory packing will be one that 
is noncorrosive, has permanent lubricating 
qualities, will not dry out and will 
with a minimum clamping pressure 
perience indicates that only a few types of 
packing will meet all of these requirement 


valves and 
difficulties 
Cor 


gland of 
source ol 
requirements 


place clearance 


can 


con 


seal 
Ex 


Street Improvement 

High on the list of causes of valve and 
hydrant difficulties is street improvement 
and maintenance work. Experience 
indicate that street contractors and city 
maintenance crews do not share the plant 
operator's view of the importance of keep 
ing the utility’s appurtenances in readiness 
for emergencies. Apparently they consider 
valve boxes and vaults as objects to be 
destroyed or buried, and fire hydrants are 
merely bumping blocks for bulldozers and 
road graders. Rigid inspection of all known 
street improvement jobs is necessary to se¢ 
that all valve boxes and vaults are in posi 
tion and properly graded. It is helpful to 
make a survey in advance of the constru 
tion work and to drive reference stakes 
along property lines to mark the location 


would 


progressive 


of all valves. It is also good practice to 
install new packing in the valves and to 
perform any other needed maintenance be 

fore a new pavement surface is put in place 

If aditional valving is advisable in the area 
of the street improvement, it can be installed 
without paying the high cost of pavement 
cutting and repairing. In addition, hydrants 
may have to be relocated to suit changes in 
curbings. 

Street improvement or major resurfacing 
projects can be watched to guard against 
damage to the distribution system parts, as 
the utility will have advanced notice of such 
work. It is the street maintenance 
who cannot be followed, that ar« 
ble for the large number of boxes 
covered or destroyed each Asphalt 
patching crews can be depended upon to 
cover with bituminous material any valve 
box in the area of a street repair. Road 
graders used on the unimproved streets will 
regularly break or tear up valve 
without such damage being reported to the 
utility. The time lost by the utility in emer 
gencies because of these artificially created 
difficulties can be quite 

Homeowners, in regrading their lawns, 
may either extend a terrace or cut the 
grade around a hydrant located at the prop 
erty line. In the former situation, the hy 
drant nozzles may be so close to the ground 
as to interfere with the connection of a fire 
hose, In the latter, the hydrant is left 
standing high in the air, an unsightly ob 
ject, and frost may penetrate to the 
because of insufficient earth covet 
also have built fencing so close to a hydrant 
that it prevents the spinning of the 
me wren h T he se home projects 
create hydrant hazards are seldom reported 


Effects of Traffic 


Traffic can unfavorable 
tions. Valve located in an 
road bed may be shifted by traffic lv 
that the operating key cannot be engaged 
with the valve key nut tilted 
so that a protruding edge becomes a hazard 
to pedestrian traffic. Vaults may 
weakened, leading to the danger of a 
cave-in under traff« 

Hydrants are traffic casualties 
can be damaged in unreported collisions so 
as to render them useless to the fire depart 
ment. They may be knocked out 
ment, the nozzle threads injured, the nozzles 
knocked loose in their sockets, or the 
assembly damaged by an impact. In one hy 
drant, a test showed the barrel to have 
been broken in two, yet the hydrant ap 
peared to be in good condition. If such dan 
age is not reported to the utility, it must be 
found by regular inspection, or the fault 
continue to exist until a hydrant 
fire fighting 


crews, 
re Spotisi 
val ve 
year 


boxes 


serious 


hase 


(Owners 


operat 
M“ hic h 


result in condi 


boxes unstable 


| 
ads «0 
Boxes may be 


become 


also and 


of align 


hase 


may 
needed for 

In replacing collision-broken hydrants, it 
is well to inspect their setting to determine 
if they 
able position. Hydrants should be set a safe 
distance from a curb and as far from street 
intersections as possible. The breakoff typ 
of hydrant has many advantages and merit 
careful consideration. A collision with thi 
type does not result in an emergency, and 
since the broken section is readily discern 
ible, a prompt report will probably be made 
to the utility. Furthermore, repairs can bh 
made without shutting off the mai: 


need be relocated to a less vulnet 
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Rensselaer 


VALVES AND HYDRANTS ARE: 
with Mechanical Joint 


Joint Hydrant. 


The surest way to reduce installation costs and insure long 
service with low maintenance on cast iron pipe lines is to 
use Rensselaer Valves and Hydrants with Mechanical Joints. 
The installation cost is reduced because an unskilled 
laborer can make the connection in a few minutes with only 
one wrench Mechanical 
Low maintenance is assured by the dependability of this Joint Tapping Valve 
type of connection which has been tested and proven ir with ““O” Ring Seal. 
thousands of installations. 
Rensselaer Gate Valves are built rugged and simple, 
designed to give positive seating action and long life. They 
are easy to operate, are made of high quality materials 
and conform to A.W.W.A. specifications. 
Rensselaer Fire Hydrants are designed on the knuckle 
joint principle and open with the pressure. They are quick 
opening with free-flow, long radius curves. Will not freeze 
or flood and no digging is required for repairs or stand- 


pipe breakage 





REPRESENTATIVES IN PRINCIPAL CITIES p 
of the Ludlow Valve Manufacturing Co., Ine. es 
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NEPTUNE METER 


MAIN OFFICE: 19 West SOth Street, New York 20, N. Y. . 


254 Spring $., W.W 
150 Stvert 
4048 W. Teyler & 


Atlente 3, Ge 
Boston 16 Moss 
Chicage 24, il! 


NEPTUNE METERS, LTD. Main Office and Factory 


Dalles 7, Tex 
Denver 17, Cole 
Los Angeles 22, Cal. 5540 E. Harbor & 


BRANCH OFFICES 


315 Cole & 
1700— 15th S 


Lewisville 2, Ky. 


815 W. Market &. 
Ne. Kenses City 16, Me. 25 W. 15th SF. 
Portland 9, Ore. 1238 N.W. Glisan S$. 


COMPANY 


FACTORY: 22-42 Jackson Ave., Long Island City 1, N. Y. 


Sen Francisco 11, Col... 320 Market St. 
Philadelphia 2, Po. 1420-26 S$. Penn Sq. 
Philodelphio Meter Co 


1430 LAKESHORE ROAD, TORONTO .14, ONTARIO 


Offices: Calgary, Halifax, Montreal, St. Johns, Vancouver, Winnipeg 


TRIDENT WATER METERS 


...Job Tested 
Ten Million Times 


For over 50 years, more Trident 
meters have been purchased than 
any other make. Most of these . 
even the oldest ... are still running 
accurately. This long serviceable 
life means lower amortization, ob- 
solescence and replacement costs. 

Trident meters have long led the 
field in design improvements, and 
today are the finest, most modern 
meters available. Every improve- 
ment has been made to fit all older 
Tridents. This is one of Trident’s 
biggest advantages. 

A planned schedule of testing 


and repair with Trident meters 
gives you a continuous program of 
meter modernization . .. at far less 
cost than scrap-and-replace meth- 
ods. Repairs take less time, too, 
aided by Trident’s extreme sim- 
plicity. A moderate stock of only 
the latest parts services all your 
Tridents. You waste no time 
searching or waiting for parts for 
old meters. Trident parts are 
always available. Your repair men 
have no obsolete models to learn. 
If they can repair one Trident, they 
can repair all . . . efficiently, eco- 
nomically. 


TRIDENT METERS FOR DOMESTIC SERVICES 
COLD OR WARM CLIMATES 


Trident meters combine fine-instru 
ment construction with the inherent high 
accuracy achieved only in disc-type, posi 


tive displacement water meters. Accurate 


Trident Frost-Proof Meters 
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at all rates of flow within normal test flow 
limits and remarkably sensitive to small 
flows 

Trident Frost-Proof Meter embodies 
the original frost-proof meter feature. If 
the water freezes and expands, the cast 
iron bottom cap breaks, relieving the 
working parts from strain. The bottom 
cap can be replaced at very nominal cost. 
For warm climates, the Trident Split- 
Case Meter is recommended. 

Among exclusive features for long 
accurate life are: Gear train is fully oil- 
enclosed, including the stuffing box, to 
isolate vital parts from abrasives, turbu- 
lence, corrosive elements, and to provide 
permanent lubrication. Anti-friction 
thrust roller absorbs disc thrust, making 
the Trident virtually immune to disc 
breakage. Heat-proof, hard rubber bush- 
ings in gear train and register are inter- 
changeable. Sand ring keeps abrasive ma- 
terial out of working perts. Materials are 
corrosion-resistant, with special materials 


for unusual corrosion problems 


Easy to service and repair .. . makes 
big savings in meter costs over the years. 
Register has no screws. Chamber is snap- 
joint. Disc is in three parts, easy to adjust. 
Guide pins, slots, etc., assist in assembling 


meter properly. 


Trident Split-Case Meters 
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NEPTUNE METER COMPANY 


STYLE 3 TRIDENTS FOR MEDIUM RATES OF FLOW 


A disc-piston meter for commercial and 
other installations requiring medium rates 
of flow larger than household consump- 
tion, but not great volumes. Also excellent 
for “battery” settings where preferred for 
metering wide flow ranges. In addition to 
sensitivity on low flows inherent in disc 
has the Trident oil-enclosed 
gear train, heat-proof removable bushings 


meters, it 


in register and gear train, interchangeable 
parts and other Trident features which 
give it sustained accuracy and low main- 
On 1%” and 2” 
“delivery adjustment” can be regulated in 


tenance cost. sizes, a 


relation to line pressure to prevent racing. 


These two sizes of Style 3 Meters do the 
work of any compound meter of equiva- 
lent size and, being simpler, they do it 
with less cost for maintenance and repair. 


Trident Style 3 Meters 
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CREST METERS FOR BULK WATER 


For “bulk” water deliveries at periodic 
or continuous high rates of flow—i.e., 
where mains deliver water to adjacent 
townships; hydraulic elevators, cranes, 
pile-jetting apparatus, etc., the Crest 
Meter is recommended. Of the velocity 
type, a turbine is rotated by the water at 
a speed directly proportional to rate of 
flow. Among features is the hollow hard- 
rubber turbine revolving on agate bearing, 
resulting in minimum friction, maximum 
sensitivity, sustained accuracy. Standard 
Trident register and gear train features. 
All parts interchangeable. 


Trident Crest Meters 





*Del 
Us 
Gal 


Min 


Base to 
Center 
In's of Pipe 


16% 6%, 100 
16% 6% 100 
16% 6% 170 
16% 6, 170 
13% 400 
13% 700 
14% 1600 
16% 2800 
13% 4400 
16% 6400 
19% 12400 


Size wt 
In's Lbs 


4 Ser 65 
\y Fige 65 
Ser 8&3 
Flee BS 
Fige. 250 
Fige. 260 
Fige. 300 
Fige. 500 
Fige. 800 
Fige. 1200 
Fige. 1960 


l 
1% 
, 

: 

27% 
27% 
28% 
30% 
29% 
B4% 
407, 
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COMPOUND 


Use this Compound Meter for services 
the 
yet with 


with a maximum demand beyond 
range of equivalent disc meters 
the probability of occasional small rates 
of flow. Accurate over a wide working 
range. Measures high rates of flow through 
a Trident 
flows, 
rately by the Crest, through a Trident 
Disc Meter unit. In addition to the stand- 


ard Trident features of both these meters, 


Crest Meter unit and small 


which cannot be recorded accu- 


a specially constructed valve automati- 


METERS FOR WIDE WORKING RANGES 


cally directs the water to the proper unit, 
depending on rate of flow. Single cest iron 
casing. All parts interchangeable. 


Trident Compound Meters 





*Del 

Base to U.S 

Wdth. Ht. Center Gal 
In's Inn's of Pipe Min 


Size wt 
In's Lbs 


Leth 
In's 
460 is 320 
13% 500 
14% 1000 
165% 1600 
13% 2300 


655 
970 


, 
4765 3&3) ’ 27% 
“ 
1500 ‘ 








PROTECTUS 


Designed for fire line use where both 
high and low flows occur, and loss of head 
is an important factor. Meets such re- 
quirements with (a) accuracy on all flows 
and (b) low loss of head plus reliability 
of operation, satisfying both Water Works 
officials and Underwriters. Measures low 
flows through a Trident Disc Meter unit 
Large flows are measured proportionally 
by a Trident Crest unit. Water-way is 
clear, unobstructed. Both units have 
standard Trident features which 
accuracy, long life and low maintenance 


insure 


cost 


Trident Protectus Meters 





Lath 
In's 
wt Ine} 
Lbs Iner 


*De 
Baseto U.S 
Center 


of Pipe 


Gal 
In's Min 
700 64% 

900 «667 
1600 83% 
2250 89% 
10 3400 G8% 


400 
La] 10 
10 1600 
11% 2800 
14% 4375 


oe Ge te te te 
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NEPTUNE METER COMPANY 
New York 20, N. Y. 
See Page R-190 for Branch Offices and Factories 
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Layout of Meter Maintenance Shop’ 


by DAVID J. FORD 


Asst. Soles Mgr., Ford Meter Box Co., Wabash, Ind 


to the number of 
onditions hi al iffect the 
equipment, and layout of the 
include 
Number of make and t pes ot 
ed vii yy the 


stor 
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Fig. 1. Suggested Shop Layouts 
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ige space for it 
local wate quality, which de 

termines the extent of corrosion, lim- 
ing, incrustation, and weat 

3. Location and t it meter set 
tings, which control the condition of 
the meter register and the outside of 
the casing. The repair of frozen met 
ers 1s sometimes a tremendous iob in 
certain meter shops. In other local 
ties, meter casings become caked with 
mud, and, when the dial glass is 
broken, the entire register ma\ In 
mud clogged 

} Local practice of state require 
ments specif ying how otten meters 
shall be tested 

5 Customer ownet hay of meters, 
which calls for special care im identi 
fying and segregating meters so that 
they can be returned after testing 

6. Existence of special cleaning 
practices in refurbishing meter Cas 


ings during the proce . ot repatt and 


testing. Whether done by wire brusl 
ing, acid dipping, sand blasting o1 
painting, special equipment ts re 
quired 

In planping the equipm 
out of any meter sho; 
the above factors mi he borne 
mind. Possibly more important tl 
anv of them is the trend toward in 
creased numbers of meter ind to 
ward more Irequent repair as the 
heconn older \ll planning should he 
done with an eye to the future 


Selection of Equipment 


lhe basic equipment, exclusive of 

desk or hle tor metet records, 1s 
listed below. The most essential items 
are given first. tollowed | those 
which would be justitied only m large 
shops 

] \n accurately calibrated tank, o 
a plain tank on an accurate scale, to 
check the meter being tested against 
the actual volume causing a given 
registration. Drainage piping for the 
tank (or tanks) should be of suffi 


cient size to empty it. quickly 


2. A substantial workbench with 
se, hammer, wooden or leather mal 
let, screwdrivers, wrenches, pliers 
hles, scrapers, wire brushes, nd othe 


tools 


Repris ted 
Works Assn 
h 


perimiss 
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with running water, pref 


hot and cold, tor washing 


part 


bench for domestic-size 


Although 
connected up with ordi 


hrough 1 im.) 


there 


la te 


1S a Saving im tine 


t bench is used for 

which probably con 
to YY per cent of the total 

ber Of test un 
by the 
series testing 18 gen 
ethcient 


lay provide for hy 


on 


d be governed 


For more 


ry of meters and auto 


flow at the proper 


of-flow indicator 


ctric grinder, with 


wire 


hufter 


which has a wide 


or drawers fot 


wiapter for 


1% 


hi +} accessory, 


testing 
iL meters 
the 


attached te test 


ease ot testing of 


it a minimum invest 


mall air compressor. Only 
the 


im whic compressed air 1s 


indicate 


perience will 


many 
con 
for cleaning, drying, painting, 
mular operations 
hencl in elec 


ad drill 


drill press or 
i widely useful device 
should be 


outlet convent 


cleaning equipment 
the ad 
other 


ivr ee vreatly 


rf ul 


on meter parts 


on 
ing acids or 
he cleaned 
treated with 
but 


size, SO 


peciall when 


1 fine appearance may 
that 
When 
used, precau 
ust be taken to prevent health 
Proper rinsing facilities and 
ins should be provided 

t bench for 1%4-, 1 
When enough large me 
he tested 


reduced im 
performance is affected 


i cleanet ire 


P and 


a special bench 
nore of them ts a good in 
ilibrated 


cl water 


tanks large 
tests run at 


also desirable 


tor 
now are 
ting of large meters 
ctric or air-driven im 
the 


il of large meter casing 


This provides for 


f equipment need not result 
With 


a watch, and a 


small meters 


poor testing of 
iccurate tank tew 


ilves and fittings, it 1s possible to do 


all 


above 


; 


thorough job 
vf the 


will 


. ‘ ~ : 
t ting ome or 


listed 
efficiency and 


uiditional items 


howe ver, increasc 
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are usually a good investment 
7 


Shop Layout 

After the and 
equipment to be included in the meter 
shop have been decided upon, atten- 


amount type of 


tion should be given to proper place 
ment in the allotted space There are 
a number of requirements to be satis 
fied and a good many valuable prin 
ciples to be applied. The arrangement 
adopted should provide the best flow 
of meters through the shop, The dis 
tance between adjacent stations should 
be short, and easy methods of moving 
the meters should be available 
Basically, a meter in the shop fol- 
lows this general routing: the incom- 
ing meter is tested and stored; next, 
it is disassembled; the 


washed and 


parts are cleaned, nonserviceable parts 
are replaced, and the meter is re 
assembled ; then it is taken to the test 
bench and given the required tests; 
if its accuracy is the limits 
prescribed, it is sent to outgoing stor 
age ; if further repair is necessary, the 
meter is returned to the repair bench, 
and part of the cycle is repeated 

The nature of this cycle suggests 
the for good material 
handling practice to simplify as much 
as possible the physical work involved 


within 


necessity 


This objective can be approached by 
1. Locating the meter shop on the 
ground floor. This eliminates eleva 
tors and speeds up supply 
2. Arranging for a loading dock 
near the door of the meter shop. This 
also will shorten the distance supplies 














Fig. 2. Two Views of Wichita, Kan., Meter Shop 


In the top photograph, the storage racks are visible in the left foreground, with the grinder 


and buffer a little to the right; at rear left is the acid cleaning room, flanked by a sink and 


workbench; test benches and tanks for smal! meters are at rear right; in the right fore- 


ground, part of the large-meter testing equipment can be seen; at center are other work- 


benches, with a portable rack for small meters in front of them. The lower photograph, 


taken from atop the acid room, gives a good view of the small-meter test benches and the 


center workbenches. Behind the large-meter tanks at right rear, the drill press is partly 
visible. The shop area is approximately 625 sq ft 





must travel 

3. Maintaining good lighting, either 
natural or artificial, throughout the 
shop. Work tables should be arranged 
so that the light from the windows 
does not shine into the repairman’s 
eyes. Good operation in a meter shop 
depends upon the ability of the work 
men to see what they are repairing, 
inspecting, or testing—jobs in which 
clear vision is all important 

4. Providing for both hot and cold 
running water. Washing meter parts 
with hot water and soap is the most 
harmless method in use and is suffi- 
cient for many parts. Hot water is 
essential, especially in cold weather 
5. Locating a motor-driven buffer 
near the repair bench, It is important 
to have this machine within a very 
few steps of the repairman, to avoid 
continual walking. The buffer should 
he equipped with a dust collector or 
exhaust 

6. Washing the exterior of dirty 
meters when they begin the processing 
cycle. This will improve 
working conditions by producing a 
much cleaner meter shop 

7. Making compressed-air hoses 
available to both the repairman and 
the meter tester 

8. Providing storage space for both 


practice 


incoming and outgoing meters near 
the door. There they can be easily 
counted and readily moved in or out. 

9. Placing the meter record file 
near the door and the meter storage 
area 

10. Keeping commonly used parts 
on the repair bench and storing other 
parts nearby for easy access 

11. Avoiding extensive paper work 
in the parts checkout procedure. Time 


will be saved and the repairmen will 
be appreciative. 

12. Equipping the shop with carts 
or rolling racks to be used for moving 
meters from one station to another 
and for storing meters. Each rack or 
cart should hold a specified number of 
meters so that quick inventory can be 
taken. It should be easy to reach every 
meter and read its tag. In a small 
shop, ten meters per cart would be 
enough; in a large shop, 100 meters 
arranged on a rack would be more 
efficient. It may be desirable to pro 
vide facilities for hooking meters on 
the rack in a vertical position, With 
that system, each meter is on the out 
side of the rack and can be removed or 
examined without disturbing any 
other, Dock facilities can be arranged 
so that an entire rack filled with 
meters can be rolled alongside a track 
for loading, thus eliminating one han 
dling operation. The benefits from 
mobility of meters should not be un 
derestimated ; any practice that will 
speed up the processing cycle is worth 
serious consideration 

It is usually impossible to adhere 
closely enough to theory to attain the 
ideal layout, chiefly because existing 
facilities impose limits upon the de 
signer. It is cheaper to work such 
facilities into the layout than to alter 
them to fit the ideal. It may, however, 
be worth while to compare the cost of 
changing the existing facilities with 
the value of the increased efficiency 
made possible. The features affecting 
meter shop design include: shape and 
size of room ; existing piping ; location 
and size of windows, doors, and col 
ummns: available equipment, 
such as cabinets and work- 


size of 
filing 


R-195 


benches ; and availability of space for 
meter and parts storage outside the 
room, The latter condition can be an 
advantage if there is not enough space 
inside the room for storage. Other 
wise, to have the storage in another 
room means wasted steps every time 
a part or meter is moved 

lhe three suggested layouts illus 
trated (Fig. 1) serve to demonstrate 
the principles mentioned previously 
The prevailing conditions determine 
the layout, In the small-shop layout 
(Fig, la) the meters move clockwise 
about the room with only short dis 
tances between adjacent stations. The 
layout in Fig. lb provides more stor 
age space, a buffer, more bench space, 
and a larger test bench. For larget 
cities, the arrangement in Fig, le pro 
vides for two separate repair benches, 
two test benches—one for smaller me 
ters and one for meters larger than 
l in 
room 


a cleaning room, and a wash 
Movable are shown in 
all three layouts, Figure 2 illustrates 
an actual layout. 

Meter shop layouts embodying the 
principles of efficient material han 
dling, using proper equipment, and 
having real regard for the workman's 
needs can definitely save time as well 


T ack 5 


as labor 
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Water Companies, on the 


whole, and also several of the more 
progressive municipally owned Water Departments, have found 


Renovating Water Meters 


M uriati 


Acid—to 2 
acid bath for approximately 
Remove and rinse in hot water 


parts ot 


water). Allow to remain in thi 
15 minutes, or longer if necessary 


that a little dressing up of overhauled meters before returning 
them to the customers’ service has a desirable psychological effect 
on the customer. The spray gun and gilt or silver lacquer or 
a combination of the two is the most universally employed method 
of dressing up old meters after they have been overhauled and 
tagged “O.K.” on the test bench 

Mr. La Verne Trentlage, Superintendent of Meters in the Water 
Department of Elgin, Ill., has evolved a scheme which goes the 
spray-gilting method one better in making “new” meters out of 
old ones. In the Elgin scheme the metal parts of the meter are 
given a treatment which removes the oxidized or carbonated coat 
ing from the metal and leaves the parts as metal-bright as when 
turned out by the manufacturer 


Cleaning and Brightening Procedure 


(1) Dip meter parts for 10 minutes in hot Trisodium Phos 
phate solution (2% Ibs. or more of T.S.P. in 10 gallons of water ) 


(2) Remove meter parts from T.S.P. solution and rinse in hot 
water to remove the alkali 


(3) Dip the parts in Muriatic Acid solution (1 part 18 degree 


(4) To brighten to original lustre, immerse in the “bright-dip 
solution (1 part 38 degree Nitric Acid, | part 66 degree Sulphuric 
Acid and I part water, plus a handful of common salt). Leave 
the parts in the bright dip for 5 to 10 seconds, the length of tim« 
depending on the composition of the metal and degree of brightnes 
desired 

(5) Remove and rinse in boiling water to remove acid 

(6) To keep the parts from dulling on standing, a “stabilizing 
dip” (especially prepared for this purpose) has been developed by 
General Chemical Company). After the rinse, the parts aré 
dipped into this solution, removed and allowed to drain and dry 

Votes of Caution: Always add acids to water and not water t 
acids when making dilutions. This will preclude over-heating and 
spattering of the acid. Be careful to avoid splashing of the acid 
when dipping the meter parts. In case acid accidentally splashes 
on hands or face, wash at once in clean water to avoid an acid 
burn. Spattered acid is also hard on clothing and shoes. Rubbers 
aprons and gloves are good protection 

Do not use iron or steel wire for dipping meter parts. Copper 
or monel metal wire is satisfactory 
1965 
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Compressed Air Flushing of Small Mains 


by R. F. BROWN 


Plant Manager, California Wate Service Co., 


ter systems in the older California towns, like 
t grew without any suggestion of planning for 
tockton was no exception. As a consequence we 
rselves with a great many 2-inch lines in the thinly 
| er areca 

ive for many years followed the practice of flushing 
s and all dead ends regularly by opening fire hydrants 
er valves and simply allowing the water to flow from 
der normal pressure of 45 pounds until the main is 
upparently clear. Under this program all dead ends and all 
mall mains are given ordinary flushing, approximately at inter 

ery two months 


ait 


ne iat 


asoie 


This method, however, does nothing but freshen the water in 
the dead ends and smal! mains. In order to effect a more lasting 
cure for taste and odor complaints, we decided to try boosting 
the pressure in the main with air to attempt to break loose more 
of the troublesome algae and other deposited material that at 
taches to the pipe wall. All of our dead ends, regardless of size, 
and at least every other block of our 2-inch lines have what we 
call flusher-risers installed for the convenience of our periodical 


flushing program—see sketch 


Stockton, California 








Riser Connection To 2° Main ror FLusHine 


pose and it is economical, because the equipment required is only 
a portable air compressor and an air storage tank to provide a 
volume of air under pressure. No expensive cutting of mains or 


A Self-Told Story 





A 


Note 
flush 


lb. air shot 
attached to 


ng-riser 


Air Flushing Operations 


Compressed air is put mito the line through a service connection 
between two flusher-risers aiter we have first closed the 
intervening services. The valve on the 
flusher-riser is then opened. All water in the line is forced out 
through the riser, by air under 90 pounds pressure. As soon as 
the air has expelled all the water from the line it is shut off and 
water under our ordinary pressure is run through the line to 
sweep out, through the flusher-riser, all particles of scale, sand 
or foreign matter that have been loosened by the air “shooting.” 
We proceed in this manner alternately turning into the line air 
under 90 pounds pressure and water at 45 pounds until the flush- 
ing water leaving the risers no longer carries with it any scale 
foreign matter. 


midway 
shut-off valves on the 


wr other 


system is apparently successful in accomplishing our pur 


This 
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(shooting and 


First 45 Ib (No Clean water 


argument about need to eye 


water flush 


flush repeated as indicated) 


r nose’ 


vavement is required and most jobs can be handled with a three- 
man crew. 

When we first started this system we cleaned 40,000 feet ot 
line, mostly 2-inch, over a period of two months. The cost was 
from 60 to 90 cts. per hundred feet, depending upon the number 
of services which had to be shut off and turned on again. 

The success of this method of flushing is measured by the 
almost complete absence of the usual recurring taste and odor 
omplaints from consumers served by mains thus treated. It is 
problematical how soon we will have to repeat this treatment, 
because from no consumer on the first line so treated has there 
yet developed a recurrence of complaints 

A secondary result, not anticipated, is the increase in carrying 
capacity of the 2-inch lines brought about by the loosening and 
blowing out of a great deal of scale. Thus has resulted a reduc- 
tion in complaints of poor pressure as well as the taste and odor 


omplaints 








WATER TREATMENT 


4p» | MENT of water for do- 
mestic or industrial use is com- 
[his 


the 
( sus 


termed water purification 
term: it refers to 


onl 

a relative 
removal of undesirable mattet 
pended and 


in order to make the water acceptable 


dissolved) and bacteria 
lor us 

The kind of treatment employed im 
the 
use for which the water is being pre 
pared and amount 
of the matter to be removed. For do 
that is, for human 
removal of 


iter purihcation depends on 


ind the charactet 
mestic use, con 
sumption bacteria 1s of 
primary importance, but removal of 
turbidity, and 
also desirable from the standpoint of 
he consumer, Industrial 
often require 
purification than water for domestic 


color, tastes odor 1s 
proc esses, 


more elaborate 


too 


LISeS 


lhe steps in water puriication in 


clude several unit processes: Coagu 


ition, sedimentation, filtration, dis 
nfection, aeration, adsorption, chem 
chemical 


\era 


chemical pre 


ical oxidation ion-exchange, 
precipitation and stabilization 
and 


used in 


tion, adsorption 
sottening and 
Stabil 


a method of corrosion con 


cipitation are 
iron and manganese removal 
zation 1s 

| he s¢ only involve 


ste ps not 


processes hut also special equip 


Coagulation and Sedimentation 

( oagulation accomplished by the 
ddition of Vhis 
involves the use of chemical! handling 


chemicals to water 


equipment, chemical feeders and 


chemical feeder controls, mixing and 


Hocculation equipment ind tanks in 


hich the necessary reactions can 


proceed 
Secdimentatior provic s for the re 


moval of suspended or precipitated 
inatter 


etth 


by allowing these particles to 


under the influence of gravity 


Sedimentation is accomplished in 
tanks which are designed to produce 
thr desired 
equipped 
1 devices for 


and are 
level controls, 


detention time 


wit! valves, 
im removing the settled 
latter devices 


il d provide for 


udge Some ot these 


re mecl il cal con 


nuous removal of the sludge 


The subiect of coagulation and 


sedimentation and chemical handling 
are discu sed under Section I\ of this 
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Filtration 


When water 
of porous material, suspended mat 
Che common material 


Is passed through beds 


ter is removed 
used in water plants is relatively fine 
sand although crushed anthracite 1s 
This sand is contained in 
some with a 
for controlling the flow of water and 
an underdrain collection system 
Chere are two types of filters; 
sand filters through which water ts 
passed at rates of 0.016 to 0 16 gal 
per sq ft per min and rapid sand 
filters through which water is passed 
at rates of 1.6 to 3.2 gal per sq ft 
per min, sometimes at higher rates 

The actual removal of suspended 
and colloidal matter by filters is ac 
complished in several ways. Particles 
larger than the voids between the 
sand grains are strained out and form 
a mat, termed a Schmutzdecke, which 


also used 


structure valve system 


slow 


in turn strains out smaller particles 
Prec Ipitation of colloids by adsorp 
tion on the 
of the sand grains also removes mat 
ter. There 
takes place in the filter and these flocs 


relatively large surface 


is also a flocculation which 


build up on the surface of the sand 
grains thus increasing the area of the 
surface which can adsorb matter 
Microorganisms also aid in the 
hltration Chey 
s on the sand particles which 


Phese 


sub 


process form sticky 


coating 
attract and hold othe parti les 
organisms may also act on these 
stances and actually cause a chemical 
change to take place. This 
ularly true im sand filters 

Most treatment plants in the United 
“tates use rapid sand filters 
called filters 


designed which 


1s parti 


slow 


times mechanical trom 
the 


chanical 


used ial 
Milter 
with 


early 
cleaning ) 


constructed 


rakes in 
plants are usually 
several units which 
allel L’sually, the 
some multiple of two and the size of 


operate in pat 
number oft units 1 
the filters is such that each can treat 
an apprec iable pe reentage of the max 
imum daily load on the plant, The 
capacity of the filter 
25,000 to 10 million gallons pet 
In designing the filter 
generally planned to have a reason 


may be from 
day 
plant, it is 
able number of units of reasonabl 
size 
rhe 
drain 
filter bottom, of which there are se 


kinds (Wheeler bottom 


under 


termed 


hiter 
system 


consists of an 


1 
commoniy 


era! porou 


plate, pertorated tile, brass strainer 
etc.). Above the 
usually a shallow 
gravel on top of which is a layer of 
24 to 3O in. of 
which is important. In place of silica 


sand, crushed and graded particle 


filter bottom there is 
laver of coarse 


fine sand, the size of 


of anthracite coal is also used 
Valves are used on the inlet to the 
top of the filter, and on an outlet to the 
sewer, also above the filter and con 
the sand to 


\n outlet valve 


nected to troughs above 
carry off wash water 
and controlling valve are used 
on the effluent line from the unde 
drain system of the filter, Another 
valve is placed on the effluent line 
to waste and another on a wash water 
line which is connected to the under 
drain system for forcing water up 
ward through the sand for washing 


rate 


\n instrument to determine the 
loss of head through the filter indi 
the extent to which the filter 
has become clogged by accumulations 
of dirt. This is known as a 
head gage. A gage is also connected 
with the rate of flow 
show the rate at which water passe 
through the filter and to totalize the 
amount filtered, Each filter is usuall 
with an operating table 
which controls the opening 


cates 
loss ot 


controller to 


equipped 
and clos 
various valves 

When the filters 
with 


ing of the 
becomes clogged 
from the 


loss of head increases and 


Impurities removed 
water, the 
eventually reaches where the 
filter will not 
sired rate 
hlter, Thi 


water 


a point 
pass water at the cde 
It is then time to wash the 
is done by shutting off in 


coming closing the effluent 


valve, opening the surface waste out 
let, and opening the wash water valve 
to admit water to the underside of 
the filter 

Che object of filter 
filter 


thereon 


washing is t 
sand, all the matte: 
during filtra 
upward 
anthracite 
15 to 3 
is enoug! 


remove the 
accumulated 
water 


tion Passage of 


through the sand or coal 
(“Anthrafilt’’) at 
inches of 
to lift the 
them to 


rates ot 
minute 
sand particles and cause 


rise pet 


scour against one another 


lhe rate at which wash water 18 ap 
measured by the rate of rise 


plied, as 


ot water level, is controlled to pre 
out of the 


high enough to 


washed 
should be 
cause the sand bed to « xpand hy 0 


venit sand being 
filter, but 


percent 
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ngth of the washing period 
for different conditions but 
to five minutes is sul 
scouring 
during 


three 
lo mnprove the 
rr amd grains 
ywressure water! jets are 
nd surface. The Palmer 
es rotating jets. Air may 
at the bottom of the 


distribution of wash 


injected 
nitorm 
roughout the area of the 
to good 
washing period, 

ing system 1s adjusted to a 
but the first 

the filter is wasted 
filter 


essetitial washing 


end of the 


h filtering again 


VaAtet t rough 
Water ft 


toraye 


to clear 


ootti the goes 


watet usually after chlorina 


two 


Disinfection 


bacteria in wate! 
filtration and 
not turbid enough 
but do 


both Cases 


my the 
SOTIM 


iter suppl ire 


require filtration contain 


teria. In (and 
waters too), a chemical 
vdale d 


/ ure that 


these bac 
will grow 
to kill off 
necessarily 
here 
rather 


to destroy 
none 
intended 


rine ] 


bacter i ind not 


ingle organism 
termed disintection 
an sterilization 

[he most common agent 
disinfection is chlorine or a hypochlo 
which will 
ubject of chlorination 
this 


will 


used tor 
rite compound release 
chior Dh 
is discussed in Section V of 
Keference & Data Edition and 
discussed at this point 

disinfection 


not he 
used tor 
dioxide, 


(Jther agent 
bromine, 


silver 


include chlorine 


ozone, ultra violet light and 
compounds, Chlorine dioxide has been 
used more for taste and odor control 
than for disinfection ; bromine is used 
ror swimming pool wate! disinfection ; 
been used im 


and silver 


has 
waters 


ultraviolet light 


industrial 


ompounds only for small quantities 


process 


Aeration 


he purpose of aeration ts to im 


prove the quality of water, usually 
tastes and 
\eration 1 
bringing the water 
with air. This 
about by 
\ir diffuser 


blowe rs 


1) removing unwanted 


odors or carbon dioxide 
accomplh hed by 
contact 


mto mtimnate 


contact may In brought 
acrators of everal types 


aerators introduce air from 
media in fine 
a tank and 
upward through thx 


the 


through sore 
bubble at the 


the air 


porous 
bottom oT! 
passe 


water sweeping out undesirable 


tastes and odor 


Waterfall aerators consist simply 
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of a pipe for discharging the water 
at some height and allowing it to fall 
through the air ; cascade plates, slotted 
plates, shelves, steps, etc. aid in break 
ing up the water as it falls. Spray 
nozzles probably create the greatest 
breakup of water particles and hence 
the largest surface exposed to air, but 
it requires considerable head to pro 
duce the spray. Many water plants 
operate aerators only when taste and 
odor problems exist, principally in 
the summer time when algae growths 
abound 


Taste and Odor Removal 


lastes and odors in water supplies 
from natural or man made 
natural sources include algae, 


man 


come 
CAUSES ; 
leaves, decaying vegetation, et 
and from 
sewage and industrial wastes. Algae 
are generally the worst offenders 

practical method for 
the Chreshold 
Odor is evaluated by 


made tastes odors come 


rhe only 
Measuring 
Odor Test.” 
an operator smelling samples of the 
odorous waters that are diluted ‘with 
free distilled 
vaporized by 


odors 1s 


various amounts of odor 
wate! lhe odors are 
controlled heating in order to make 
it easier for the operator to make his 
observations 

The Threshold Odor Number is 
obtained by dividing the volume of 
odor-free dilution water by the vol 
ume of odorous water, when a di 
lution is reached which the 
odor cannot be Definite 
threshold numbers can not be set for 
all supplies but a hot threshold num- 
two can often be 


above 
detected 


ber of more than 
noticed by consumers 

lwo methods are used for the con 
trol of tastes and odors due to algae. 
lhe first is to control the growth of 
algae in the water supply. This is 
termed preventive treatment. Copper 
sulfate added to the 
controlled amounts will kill off algae 
the numbers of 
proportions that 
severe tastes and odors 
treatment within the water plant in 
cludes good housekeeping, particu 
larly by keeping coagulation and set 
tling basins and filters clean. 

Corrective treatment includes aera 
tion, chemical oxidation, and adsorp 
Aeration has already been dis 
cussed. Chemical oxidation includes 
treatment with chlorine dioxide, 
ozone, and chlorine; adsorption uti 


reservoirs in 
before organismis 
will 
Preventive 


reach cause 


tion 


lizes activated carbon 


Chemical Precipitation 
Chemical precipitation is involved 

in coagulation to produce the floc de 

sired, but it is employed to a greater 


extent in water softening by the lime- 
soda process. This subject of water 
softening including the ion-exchange 
process 1s presented in some detail in 
Section V as are iron and manganese 
removal 


Stabilization 


Waters which contain carbon di- 
oxide or have a pH below neutral for 
other reasons tend to be corrosive to 
mains and household services and hot 
water tanks. Waters which have a 
high pH due to softening tend to 
deposit carbonates in mains and serv- 
ices or to be corrosive to hot water 
tanks. Treatment to overcome both 
of these tendencies is stabilization ; 
treatment to prevent corrosive action 
is commonly termed pH adjustment 
or corrosion control and the word 
stabilization is more generally applied 
to treatment of softened waters which 
are super-saturated with calcium car 
bonate, or which are low in alkalinity 
due to excess lime treatment 

Stabilization of lime softened 
waters may be accomplished by re 
carbonation with carbon dioxide gas, 
by the addition of alum which is 
both acidic and flocculates 
bonates, or by the addition of sodium 
hexametaphosphates, of which Cal- 
gon is an example. Treatment with 
the glassy phosphate is known as 
“threshold treatment” because a very 
small amount of phosphate will in- 
hibit excessive precipitation of the 
carbonate 


the car 


Fluoridation 


The addition of fluoride 
pounds, termed fluoridation, is not a 
treatment method in water purifica 
tion. Rather it is a process of adding 
a chemical to the water supply as a 
carrier in order to provide a micro 
nutrient to the diet of the consumers 
It has been shown that the presence 
of approximately 1 ppm of fluoride 
ion in water will decrease the inci 
dence of tooth decay in children and 
in adults who drink such waters reg 
ularly as a child. The addition of 
fluorides to water is a public health 
measure, and water works personnel 
and plants usually act only as the 
agent in carrying out the will of the 
people where it is decided that fluo 
ridation should be practiced 


com 


Laboratory Control 


All water purification practices 
should be carried on subject to lab- 
oratory control. This subject of lab- 
oratory control has discussed 
in Section IV 


been 
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Washing and Maintenance of Filters* 


F the qualification for writing with 

authority on filters de 
pended on the number of filters 
washed annually in the filtration 
plant, the author would qualify with- 
out question. During 1953 there were 
38,579 filter washes at the Chicago 
South Dist. Filtration Plant, On one 
day there were 385 washes, probably 
an all-time record for hltration 
plant, Some may how the 
operating force managed to do this. 
lhe answer is simple: it was organ 
just such an emergency 
Several years of operation of an ex- 
perimental filtration plant prior to 
designing the present large installa 
tion made it possible to predict that 
the emergency would occur some day 
lhe experimental work also indicated 
what to do to lessen the number of 
The filter plant staff 
waiting for an actual occurrence to be 
fully convinced of the 
using the treatment to lengthen filter 
runs 

There is scarcely a plant in this 
country that does not have periods of 
hort filter runs to add to other oper 
ating difficulties, although not many 
such a wide range in clogging 
tendency as the Chicago plant. This 
statement was well demonstrated by 
operating one of the filters in the ex 
perimental plant on raw water with 


washing 


any 
wonder 


ized for 


washes was 


necessity ot 


have 


no coagulation and sedimentation 
rhe filter bed was composed of sand 
0.50 mm in diameter and was oper 
ated at a rate of 2.0 gpm per square 
foot. The runs to 8-ft loss of head 
varied in length from 1.5 to 
than 100 hr. The material that clogged 
this filter was chiefly certain species 


more 


of microscopic organisms occurring 
the water. The number 
of plankton was greatest when the 


naturally in 


These organisms 
are of the same specific gravity as the 
water, o1 would not be distrib 
uted throughout it. With almost no 
other suspended matter in the water 
to give weight to the coagulation, the 
tendency to settle in the basins is not 


water was clearest 


they 


great 

lf the water were of uniform qual 
ity throughout the year, it would not 
he difficult to design for the particular 
condition existing, but 


large varia 


Wat. Wks 


1954) by per 


*Reprinted from the Jour. Am 
Assn ; Vol 46, No 2 (Feb 
mission of AWWA 


by JOHN R. BAYLIS 


Engr. of Water Purif., Dept. of Water & Sewers, Chicago 


tions in characteristics present a prob 
lem. The water being handled by the 
large filtration plant in Chicago is of 
the same quality as that in the experi 
mental plant and is subject to the 
same wide range in clogging tendency 


Filter Bed Troubles 


If there is a good distribution of 
the wash water and proper grading of 
the filtering materials, nearly all trou 
ble in the filter beds may be attributed 
to failure of the washing system to 
remove from the filter all material 
that has been taken from the water 
When a clean bed of sand is put into 
service to filter water that has been 
coagulated and settled in the usual 
manner, and the filter is allowed to 
run until the loss of head increases to 
8-9 ft before it is washed, it will be 
noted that some of the material fil 
tered from the water cannot be re 
moved except with a wash rate so 
high as to wash away part of the 
filtering material too. A portion of 
the mud or coagulated material has 
become so compacted that its suspen 
sion in water is almost the same as 
that of the filtering material, usually 
sand. The specific gravity of the mud 
particles is considerably less than that 
of the sand grains, but the particles 
are much larger, giving them a set 
tling rate through water close to that 
of sand, If the mud particles are not 
broken up in some manner by an agi 
tating force much greater than that 
produced by the backwash, they can 
not be removed 

Each time a filter is 
without the aid of a surface wash, 
additional material filtered from the 
water is retained in the 


backwashed 


bed, The 
particles of mud become more com 
pacted. Some of them build up to 
large size as more material adheres 
to them at the surface of the bed, or 
else the mudballs become pressed to 
gether so firmly during the filter run 
that they do not break apart at the 
next washing, but instead stick to 
gether to form greater masses. Usu 
ally some sand is mixed in with the 
mudhball to give it additional weight 

The mudhballs, when newly formed, 
tend to remain at or near the surface 
of the bed after washing. Eventually, 
however, they attain a specific gravity 
great enough to cause them to sink to 


the bottom of the sand bed during the 
washing period, At the 
that they 
are being wern away 


same time 
are being compacted, they 
gradually by 
abrasion of the sand during the back 
washing periods. Many again become 
clumped together at certain poimts in 
the bed and form 
larger mudballs, or mud deposits, at 
the bottom of the sand bed or against 
the side wall of the filter, When the 
rate of wearing away 1S a8 great as 
the rate of formation, the volume of 
the clogged area in the filter does not 
increase. In fact, in many places, dur 
ing certain year, of 
under certain conditions of the water, 
the volume decreases 
most likely to 
months 


some combine to 


seasons of the 


he decrease is 
occur in the colder 


Washing Procedure 


All filters have to be backwashed 
In order to maintain the beds in good 
condition, many filters throughout the 
United States are now equipped with 
surface facilities to assist in 
thoroughly breaking up the mudballs 
and cleansing the beds. The procedure 
for washing filters should be devel 
oped with care. As an example of 
how filters are washed, the instruc 
tions to filter operators regarding the 
normal procedure at the 
South Plant are 
quoted 

The following procedure for wash 
ing filters and keeping filter log rec 
ords is to be until further 


wash 


washing 
Dist. Filtration 


eftlective 
notice 


1. When to Wash a Filter 

a, When the loss of head reaches 8 ft 

bh. When the loss of head is approaching 
8 ft on ten or more filters during short filter 
runs. During very short filter run periods 
washing may be required before a 7-ft 
loss of head [is reached]. Filters with the 
greatest loss of head should be washed 
first 

c. When the filter has 48 hr of 
regardless of loss of head 

d, When the rate of flow on a fixed-rate 
filter (manual setting) begins to drop and 
the loss of head remains constant or con 
tinues to rise 

é W hen the loss ot head 8 6 7 ft with 
a low rate of flow, on a filter operating 
at a variable rate of flow (master control 
setting), and an increase in demand is 


service, 


expec ted 


» How to 


a. Close 


Wash a Filter 


-in, influent valve and allow 
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THE ANTHRACITE EQUIPMENT CORP. 
WILKES-BARRE, PENNA, 


ANTHRAFILT — an Improved Filter Medium 


Trade Mark Reg. U. 8. Pot. OF 


Address sales and technical inquiries to 
Palmer Filter Equipment Company, 822 E. 8th St., Erie, Penna. 


Anthrafilt and Its Application 


Anthrafilt is made from a selected Pennsylvania anthracite 
which has been cleaned so as to have a minimum ash. This 
cleaned anthracite is then screened and classified hydrauli- 
cally to yield sizes suitable for filter purposes. 


Anthrafilt is used as a mechanical aggregate in place of 
sand and gravel in all kinds of filters, i.e. 
Slow filters 
Pressure filters 
Oil removal filters 
Alkali filters 
Acid filters 
Sewage sludge-beds 
Household filters 


Rapid gravity filters 
Swimming pool filters 

Hot process softening filters 
Cold process softening filters 
Mechanical sewage filters 
Revolving screen filters 
Portable filters 


The entire filter bed may be made up of Anthrafilt of 
various sizes or only the top layer may be of Anthrafilt over 


the usual bed of gravel. 


Advantages of Anthrafilt 


High Filtration Rate: Rates up to 200 mgad are obtainable 
with Anthrafilt without sacrifice of effluent quality. The a 


cepted average rate with sand is 125 mgad 


Leong Filter Runs: The larger, irregular 
allow less clogging with algae or other fibrous substances 
The angular grain surfaces provide greater entrapping areas 
for the removal of turbidity and bacteria. The differences 
in shape and specific gravity of the grains, by decreasing 
classification after back washing, allow the whole depth of 
the filter bed to be active in the filter operation 


Anthrafilt grains 


Lew Wash Water Costs: The long filter runs and conse 
quent less frequent washing and the low degree of packing 
after back washing combine to cut the usual wash water 
requirements at least in half 


No Cementing with Lime, Manganese or Iron: Lime will 
coat on Anthrafilt but this coating readily flakes off without 
any cementing action if filters are properly operated. Man- 
ganese and iron salts precipitated on Anthrafilt by the lime 


treatment are easily removed by back washing. 


High Degree of Expansion: 50% expansion is obtained with 


half the back wash velocity required for sand. 


Coarse Sizes Can Be Used: The irregular shape and natural 
filtration characteristics permit the use of much larger sizes 


with equal results 

Gravel Beds Stay Flat: No ridging or mounding and less 
cracking and pulling away from side walls during operation 
Low First Cost: Lighter weight per unit volume balances 
the cost differential between Anthracite and sand and saves 
on freight and handling charges. 


Filtration Characteristics 


Anthracite granules are irregular shaped and of varying 
densities. Weights run about 53 pounds per cubic foot as 
against 100 pounds for sand. The irregular shapes provide 
DATA 1955 
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greater porosity resulting in more rapid filtration with no 
loss in character of effluent and with considerably less loss 


of head 


The variable densities of Anthrafilt particles cause less classi- 
fication after back washing and the lighter, irregular shapes 
allow easier expansion and more effective cleaning. 


The greater bulk of Anthrafilt requires less tonnage per 
filter bed. Attrition losses amount to less than 0.25% per year 


Anthrafilt successfully removes lime, iron and manganese 
salts and will not form a permanent coating under proper 
conditions of treatment and filter operation. Lime flakes off 
easily without cementing and the iron and manganese salts 
are readily removed by back washing. Oil is easily removed 
from boiler water after with ferric sulphate 
ferrous sulphate or alum. Anthrafilt can also be used for the 
filtration of acetic and sulphuric acids and caustic soda solu- 


Jeing insoluble in alkaline waters, Anthrafilt produces 


coagulation 


tions 


silica-free water in hot process water softening. 











Upward impulses of water produces greater agitation of angular 
grains, hence Anthrafilt beds are cleaned more effectively. 


Anthrafilt No. 1 is usually made in sizes ranging from effec- 
60 mm. to .80 m.m. the uniformity coefficient is 
make 

The remaining sizes 


tive size ol 


less than 1.75 in all sizes. We can smaller sizes or 
larger sizes, but for special cases only 


of Anthrafilt are as follows: 


No. 2. Anthrafilt—3/32”x3/16” 

No. 3. Anthrafilt—3/16"x5/16” 

No. 4. Anthrafilt—5/16"x9/16” 

No. 5. Anthrafilt—9/16"x13/16" 

No. 6. Anthrafilt—13/16"x1-5/8” 
No. 7. Anthrafilt—1-5/8"x2-7/16” 
The above sizes have 20% tolerance 


ANTHRAFILT ECONOMY 
When Used in Existing Filtration Plants 


Increased capacity with same plant 
Decreased volume of wash water 
Lower maintenance cost through 
mounding and air binding. 


elimination of ridging, 


When Used in New Filtration Plants 


Lower plant investment 
Lower cost per cubic yard 
Lower wash water costs 
Lower maintenance costs 
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valve 
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vater 
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influent valve fully 
Open the effluent 
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not opel 


may 
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valve 
check pilot alve It may he 


necessary bleed the rate controller evs 
tem 


/, lurn of ite f the 
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ter washing procedure be tollowed 


imperative Histructions 
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i deviation irom these mistructions is 


permitted without sy j permission from 
filtra 


deviation in 


1et perating gineer or the 
nygineer ity. Such 
should be noted in the 


log sheet 


the filter 

turning on the 
filter is 
rive visual indication 


vynen a 


t needing vash 
(s00d 
uires that the 
even! 

Do not 
time durir he shift, for 


operatwy re 
distributed 
shift 


Washing 
washings he 
cal throughout the 
washes in a hort period 
such a pro 
load on the 


edure ACOCSSIVE 


ash r and drainage system, and in 


All fitration plants with the 


sible exception ot those operated by 
one man, should have a written pro 
cedure for washing filters. The pro 
cedure 
and need not be 
the 
procedure should be flexible enough 
to take care of special conditions. To 
illustrate, the filter runs are 
short, the washing period usually need 
not be as long as under normal condi 
tions. Much depends on the rapidity 
with which the wash 
clears as the backwashing continues 


should meet local conditions 


so specific of exten 


sive as one given above. The 


when 


waste wate! 
Some plants have set a limit of tur 
bidity—generally 10 ppm or so—tor 
the waste wash water 

lo collect a sample of water and 
test the turbidity while the washing 
is in progress would be impractical, 
but, by taking samples at the end of 
the washing periods and testing them, 
become tamuliar 
of the 
the turbidity 
Dist. plant, 
wash laterals 


the operators soon 
with the 
and 


well, In 


appearance wash 
can guess 
the South 
surface 


water 
yery 
the cast-iron 
are located approximately 12 in 
the top of the 
troughs. When the 
that this piping can be seen distinctly 


below wash wate 


water clears so 
the turbidity generally will not exceed 
10 15 ppm 

Many operators 


continue the wash 


until they can see the surface of the 
bed clearly Ii the 


other guide, this rule is satisfactory, 


absence of an) 
although it tends to prolong the wash 
unnecessarily. [In a number of plants, 
a specified period of backwashing i 
prescribed, and the operators do not 
deviate from it under ordinary condi 
tions, Such a procedure generally re 
quires the use of extra wash water 
because the length of the period ts set 
It doe 5. 
will be 


to meet the worst conditions 
however, insure that the filter 


washed thoroughly 


Clogged Areas 


In the days before surface washing 
was adopted, filter beds 
throughout the country acquired an 
mudballs and clogged 
not 


many 


abundane e ot 


areas. It was uncommon to see 


mudballs an inch or more in diametet 


almost covering the entire surtace ot 
the bed. The accumulation of 
balls in certain parts of the filter soon 
started the 


areas, which usually deflect the 


mud 
formation of clogged 
back 
wash in such a manner 
mudballs 

The worst clogging 
the side 
filter 
from the side wa 


more to the ma 
walls In ~( 
been 
la eT Thi col 
2 fins 


beds have 
almost to the prave 


irinkage 


dition ts caused ly 
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of the bed as the loss of head on the 
filter Side filtration 0¢ 
curs through the crack, and a layer 
that filters 
on the side, 
surface of the bed 
is washed, this layer 


Is increased 
of coagulated material 
from the 
just as on the 
When the filter 


is pressed against the side wall of 


water torms 


the filter and generally is only partly 
removed by the backwashing, Figure 
1 is a photograph of clogged areas in 
a filter bed 

he only way to prevent side-wal 
clogging is to keep the sand grains so 
clean that the bed will not shrink 
during its period of service, The pur 
pose of the surface wash is to break 
up the mudhballs before they become 
sufficiently settle to the 
bottom of the sand bed. Another fact 
not generally recognized by operators 
is that a mudball is much more likely 
to sink to the gravel with 
high expansion of the sand bed than 


very high 


compact to 


surtace 
with low 
rates of backwashing used in a few 
filtration plants tend to defeat their 
objective, in that they cause the mud 


expansion, The 


balls to sink to the gravel more easily 
When they once settle to the grave 
layer, only a backwash rate great 
enough to disturb the gravel will gen 
able to mudball 


much has been written about 


erally be move the 
Because 
ind clogged areas an exten 


troubles the 


mudhall 
sive cle cription of the 
produce and the means of preventing 
their 


this paper 


formation need not be gwiven i 


Surface Washing 


| or years 
in filter 


the prevailing prineipl 


bed maintenance was to wash 
© that the sup 


posed biological film on the surface of 


the sand very gently 


Fig. 1. CLOGGED Areas and Cracks 
Mounded 
wall of the 


sand is noticeable alor 9g the side 


filter 
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SIX REASONS WHY... 
You Should Specify 


Palmer Surface Wash 


Walking Beam 
Flocculation 
at Trenton, Vv. : 


Walking Beam Flocculation 
at New Brunswick, N. J. 


ee «he 





PALMER SURFACE 
WASH SYSTEMS 


. Prevents Sand Beds From Crack- 
ing. 
2. Eliminates Mud Balls. 
3. Saves Wash Water. 
. Lengthens Filter Runs. 
. Gives Higher Rates of Filtration. 
. Produces Better Tasting Water. 


WALKING BEAM 
FLOCCULATION 


|. Eliminates troublesome under- 
water bearings. 

2. Eliminates expensive dry well 
construction. 

3. Produces quick responsive floc 
formation. 

. Lengthens filter runs. 

. Results in a saving in alum. 

. Assures all bearings accessible 
for inspection and lubrication. 


STUART CORPORATION 


516 NORTH CHARLES ST. 
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Fig. 2. SAND Boil Formation 
The diagram shows a sand boil forming at the start of the wash. At the same time gravel 
is being pulled toward the boil and is piling up at the bottom of it 


would not be re- 
moved. This idea probably was a 
carryover from sand filtration 
Now it is known that it is far better 
to have filter bed than hlm 
coated sand grains. 
Several methods of 
bed had been tried in the 
example, revolving rakes 
ployed to prevent clogged areas in 


the sand grains 
slow 
clean 
agitating the 
For 
were em- 


past 


the round wooden filters used so ex 
ago. Although there 
early surface 
jets, this method did not make 
much headway until after the 
struction of the Chicago experimental 
filtration plant in 1928. Surface wash 
jets were installed in all of the filters 
in that plant and proved so effective 
that the system was soon extended to 
other filtration plants. As previously 
mentioned, it is rapidly becoming the 
practice to equip all filters with sur 


tensively years 


were a few tests of 
wash 


con 


face wash facilities 

he surface 
tem of pipes that expel jets of water 
into the bed at the surface in 
such a break up the 
mudballs when they start to form 
Several methods of applying the jets 
of water have \ fixed jet 
system generally produces more rapid 
mudballs, but 
revolving jets have proved adequate 
helpful in many filter beds, 
despite the period of 
operation generally Chere 
have been so many faulty installations 
that a 
heen led to 


wash consists of a sys 


sand 
manner as to 
been used 
breaking up of the 
and very 


longer 
needed 


much 


of homemade fixed jets few 
believe 
Home 
installed 


to give the best 


operators have 
that they are not 


made fixed 


Satistactor\ 
jets must he 
properly if they are 


results 


Valve Difficulties 


Che backwash valves in most filtra- 


tion plants become leaky after a few 


years of use. This statement refers to 
double-disc gate valves with cast-iron 
bodies and brass seat 
double-disc valve, although 
for distribution systems, has to oper 
backwash lines under condi 
tions for which it is not basically 
designed. Such valves work under 
the highest water head of any on the 
filter piping. Designers of filtration 
plants often place the water 
tank too high. There 
tration plant in which the 
valves do not leak after 
ranging from 5 to 


rings. The 
suitable 


ate in 


wash 
is scarcely a fil 
backwash 
a period 
service 10 years 
\nalysis of the 
during closing and opening reveals 
the weakness of many types. The 
discs are held away from the body 
rings by guides until ready to seat 
pressure of 


pressure on valves 


Just before seating, the 
the water is transferred 
face of the downstream body ring by 
the disc sliding off the 
guides, The wedged 
against the 
valve produces so much stress on the 
assembly that 
crushed, The 
allow the ring 
contact with the 
ring before the 
Both the 
rings become scarred resulting 
rhe higher the head 
quickly a 


against the 


assembly 
then are 
Opening the 


dises 
body rings 
guides to raise the dis 
the metal is gradually 
guides wear 
on the 
downstream 


and soon 
disc to make 
body 
valve 18 closed dis and 
hody 
in water leakage 
of water, the 
will begin to scar 
So far the 
heen to replace the valve, or at 


more valve 
found has 
least 
results have 


only rem dy 


the rings. Encouraging 


been obtained with a rubber-seated 
butterfly but is has 
service long enough for its life 


determined conclusively. F 


valve, not been in 
span 
to be asily 
replaceable valve seats and guides are 


the best that can now be hoped for 


R-203 


Small four-way valves that operate 
the larger hydraulic valves have been 
a source of difficulty from the very 
beginning of rapid sand filtration and 
probably will continue to be trouble 
they are used, A 
greased at 


some so long as 
four-way iron plug valve, 
frequent intervals, may be better than 
the ordinary brass type, but greased 
require a separate 
although few filtration plants 
have one—to avoid getting some ol 
the grease in the 
hydraulic-cylinder 


valves water sys 


tem 


water, or to dis 
charge the wate! 
to waste, 

If four-way valves are 
ing the pressure line to the manifold 
to which they are connected, after the 
filter has been washed, may be help 
ful. The four valves often be 
come hard to turn with the levers 
provided, The leakage through such 
valves generally is not great and does 
not affect their operation 


used, clos 


Way 


Expansion of Sand Bed 


Filter operators are aware that, as 
the backwash valve is turned on, the 
sand surface rises and a heavy con 
centration of coagulated material pre 
viously filtered from the water 
overflows the wash water troughs and 
waste pipe. Within 3—4 

clears sufficiently for 
to be 
is continued a 
surface of the 
dimly and then 
clearly he 


soon) 


drains out the 
min the water 
the backwash 


the washing 


valve closed. If 
lew sec 
onds longer, the sand 
may be seen, first 


after 60-90 sec, very 


expanded sand rises several inches 


above the filtering level, and moves 
about in a partly suspended state. In 
some places, boils occur, accompanied 
by rapid movement of the sand across 
the surface. Elsewhere the move 
ment is less rapid but erratic. The 
movement is much greater 


accounted for by the 


speed 
than can be 
average upward velocity of the back 
wash water 
Observation of the 
a small filter with glass 
a better idea of what 


back washing 
operation in 
sides would give 
takes place in the sand bed than can 
watching the surface 


When the 


sand does not 


hn obtained 
filters 
is opened, the 


of large backwash 
valve 
with the 


gradually grains 


expand 
merely moving farther apart, but jets 
of sand and water 
places at considerable velocity. Within 


after the back 


rush upward in 


approximately 30 se 


wash valve has been opened, the 


maximum 
I) in or 


sand surface rises to its 
height during the 


above its 


Ww ash 


even more, level when at 


rest, depending on the rate of bacl 
wash 
lhe rate of 


backwash for the large 
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Roperts Filter 


MUNICIPAL WATER PURIFICATION 


The combined capacity of Roberts-equipped 
filtration plants is well over 5 billion gallons 
(5,000,000,000) per day. Regardless of the 
size of the plant or the nature of the filtration 
problem, Roberts Filter can be depended 
upon for equipment that is reliable in years 


of service 


— oon. ee I 


SWIMMING POOL RECIRCULATING SYSTEMS 


The combination of thoroughly clarified water 
and efficient recirculation are features for 
which Roberts pools are famous. Systems for 
both outdoor and indoor pools are designed 
and installed by men long experienced in the 
conditions peculiar to a successful swimming 
pool installation. 


means... 


INDUSTRIAL WATER RECTIFICATION 


Water treatment has long been a specialty of 
Roberts Filter. Zeolite water softeners are 
guaranteed to meet all requirements for which 
recommended, and are available in a wide 
range of capacities. Roberts water condition- 
ing equipment is widely used to control pre- 
cisely the desired chemical content of water 
for industrial use. 


PRESSURE FILTERS 


Closed pressure filters have wide usage where 
gravity filters are not justified. Roberts verti- 
cal filters are available in standard types from 
12"’ to 96” diameter; horizontal pressure fil- 
ters are all 8'0"' in diameter and in varying 
lengths from 100" to 25'0" 


When you think of good water—think of Roberts Filter 


Roberts Filter 


Manufacturing Company - Darby, Pennsylvania 
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lters at Chicago generally is set to 
produce 3-4 in. expansion of the 
sand bed, although most plants em 
ploy rates that result in greater ex 
pansion The reason for the low rate 
at Chicago is that the surface wash 
is used to aid in cleansing the sand 
heds, making a high backwash rate 
unnecessary 

\ backwash rate of 15 gpm pet 
square foot of sand area would result 

















in an expansion of 5 in. or so. At the 
South Dist. plant, a rate of wash just 
helow 8&8 gpm is the maximum at 
which water can pass upward through 
the bed without lifting the sand. ‘The 
15-gpm rate would begin to lift the 





hed bodily above the gravel, with the 
production of a clear space between 
he sand and gravel, filled largely with NEWLY CONSTRUCTEO BED AFTER SEVERAL WASHES 
vate! because the sand ZTaitis do 
not adhere, the entire bed of sand Fig. 3. Jet Action at Sand-Gravel Junction 
ould not be lifted as a unit and Key: A newly constructed bed; B condition after several washes; C mudballs form 


CLOGGED AREA 


remain suspended on a lavet ot watet ing ck gged area 
stead, the water would soon break 
rough the bed in place s, with large 


oils forming if the backwash valves 
= | the backwasl Vall Ve lay rr bas! vlass cine losed BD) vlias tule lilter 


cally responsible, but jet action at the These jets of water and sand con 
and-gravel junction also may play a stantly disturb the fine-gravel layet 


ere opened rapidly, and small boils 
f opened slowly. With rapid opening 


of the valve, the bed might be lifted 
} 


vater started to break through. Then 


: part. The term “sand-gravel junction” and cause filter beds almost every 
3 m. above the gravel betore the : 

refers to that part ot the filter where where to reach such a state that the 
the material that is in motion during require occasional rebuilding. If mud 


rreat rushes of water and sand would ; 
, hackwashing joins the gravel or mate balls are allowed to form in a filter 


let loose at various poms ove the 
| rial not in motion, The water do clogged areas often begin to develop 


usually several feet apart. Boils 
not pass trom the motionless gravel at the gravel surface, Jet action i 
to the partially suspended sand at a_ ideal for piling up the mudballs 
uniform velocity. In numerous areas numerous places at the gravel sur 
the water and sand travel upward at lace As previou ly noted, prevention 
many times the average upward veloc of mudball formation by surface 
ity of the water, while, at other places washing is the best way to avon 
the sand travels downward, somewhat clogged area 
as shown in Fig, 3. The result is a Sand iapansion Gag sand ¢ 


great that some of the small gravel 
thrown above the sand bed have 
been observed, Such rough handling 
of the gravel layers that were so care 
fully placed in the filter beds during , 
construction is obviously undesirabl 
Figure 2 is an attempt to show dia 
vrammatically the formation of a 
ind boil \fter the bed has been 


ifted above the gravel laver and is 


series of jets of water and sand over pansion recording gages have proved 
the area, at intervals of several inches extremely effective in aiding filter 
lhe velocity in the jet is so great that operation. The time of wash, the sand 
it will move gravel particles several expansion, and the rate of expansion 
times larger in diameter than the of the bed are shown on a chart. Th 
ush out. If the sand bed is lifted ‘Ost sand grains at the bottom of information provides an excellent 

the sand bed With “a backwash rate check on how the filter operator ! 


only a little. it will cause gravel 2—3 


floating on water, weak points de 
elop and holes open up, permitting 
1] 


ater with a small amount of sand to 


7 of 15 gpm per square foot, the aver doing his job 
ft away to le pulled toward the boil, e] | 


) 


: age upward velocity of the water The instrument consists of a float 
ida pile 2 in. or more above the 


should be less than 0.1 fps. The veloc riding on the surface of the expanded 
ity within the jets, however, appears and, a pneumatic transmitter, and 
to exceed 1.0 fps and is thus more recorder, Fig. 4 shows the float and 
than ten times the average upward transmitter arrangement 

velocity Specific Gravit The specitic gra 


original gravel layer will form at the 
hottom of the boil. Repeated produc 
thon ot arge boils in hack washing 
oon causes unevenness of the gravel 


laver, particularly if the boil occurs 
| Jet action is a natural phenomenon y of the aller ives Of 


that will take place wherever water . in.) should be not le 

flows upward through porous mate that of the sand. Otherwise, there 
rial with a velocity causing that part will be a tendency for the lighter 
of the material to be suspended. It is particles of gravel to mix with the 
not confined to situations involving and, thus defeating the purpose 


it the same spot a few times, Re 
moval of the finer gravel laver in 
places may allow sand to come in 
contact with coarser gravel, leak 
through it, and pass out of the filter 


by we he under s. This is 
way of the underdrains. This i sand and gravel, but will also be pro- the fine-gravel layer. Not much atten 
not an uncommon occurrence in many duced where fine sand overlies coarse tion has been given to pee ifie gravit 


tration plants. In fact very Tew sand and the upward velocity sus for it does not make a great deal of 
plants never have sand leakage pends only the fine sand. The size difference if the larger particles have 


let Action There may be other and specific gravity of the material a relatively low specific gravity W het 
a A eumiedion i te ' ’ 
conditions that produce hols in filter merely affect the velocit SIZ and wt} recalled that tet action at the 
beds. If a boil persists after the hed length of the jet not their forma unction of the sand and gravel will 


| fully expanded rapid turning on twor let action can he observed in move gravel ; least ,; mn ¢ 
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Fig. 4. Sand Expansion Gage 
urface of the expanded 
ic transmitter sends the 


cated elsewhere 


pecili 
Wma olass-encloses 
naterial of 
rT Val p 


\iter 1 tew 


approx! 
aced ove 
bach 
observed that much 
with the 


i crushed 


1] idl nuxed 
vhich Wil 
ul and ize but 

l’robably 

attrib 
re actuall the 


if} and 


wl trouble 


if 


th float oper ited 
oT head 
derable 


vages gen 
attention 
ip the pulleys or 


erviced \ 


ve muecl 


operating 


Thwore economical 


with counter 
controlle rs 
icle rable 


and all controllers 


rate 


of cor 


lot beac kw 
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is attractive in theory but may 
practical where a wide-open backwash 
would sand from the 
Failure of the control to fun 


tion before the 


valve wash 
filter 
valve Is Open will (« 
curr otten enough im sore plants to 
cause trouble 
The cotton plug filter (Fig. 5) is a 
useful device to attach 
effluent. loc detectors should he 
employed on filters that are likely t 


to each 


pa flocculated material at times 
\ single butterfly 
covery a cylindrical tube de 


valve in the re 
cone ot 
creases the surging of the water 
through the filter effluent piping, par 
ticularly at high filtration rates. 
’neumatic operation of the master 
controls for the filters enables changes 
to be made qui kly and easily from a 
hilter lhis 


particularly valuable at 


table im the gallery sys 


tem 1s times 
of peak demand, when it is desirable 


to maintain the filtered-water reser 


ors ata high level 


Replacing Gravel and Sand 


In the course of time it becomes 
to rebuild the filter beds. In 
ome plants the to be re 
built 


other a they 


necessa;’ry 
beds have 
almost every year, whule, in 
continue in service 
sufficient trouble 
That filter beds 
hecome disturbed is partly due to the 


des orl, but mainly to the character of 


MAY 
for years without 


to warrant rebuilding 


the water 
lf a filter 
hould he 


begins to leak sand, it 


rebuilt, unless the sand 


eakage is at one spot and can be cot 


not be 


rected without removing the sand and 
gravel from a Only a 
skilled operator should try to remove 
and replace the gravel and sand in a 
small area of the bed 

In large plants, it is cheaper to re- 


large area 


screen the material if the gravel and 
sand 


plants, it 


have become mixed. For small 
generally is cheaper to pur 
chase new material, properly screened 


to size 


Wash Water Troughs 


More study 
design of wash water troughs 


to the 
Here 
tofore they have been designed to be 
just large enough to carry away the 
If the troughs could be 
made to occupy a greater volume of the 


should be 


yy 1 
yiver 


wash water 


space above the surface of the ex 
panded sand, the turbid 
top of the sand bed would be washed 
away more quickly 
along this line should be sought in the 
future 


material on 


Developments 


Conclusion 


This paper has discussed some of 
the important principles and problems 
of filter washing and maintenance. It 
should be 
tention must be given not only to the 
aspects but 
Proper 


stressed, however, that at 


physical and mechanical 
to personnel matters as well 
design and operation must be com 
bined with employee efficiency and 
responsibility in order to achieve the 
desired result—an supply 
of safe, palatable water for the com 


adequate 


munity 


Fig. 5. Cotton Plug Filter 


This device 


attached to 


the filter effluent line 
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Ten more “top” filter plants 





select LEOPOLD Bottoms 


Including these ten new major installations — six 
of which are still under construction — Leopold 
glazed tile filter bottoms are successfully serving well 
over 300 plants (with a daily capacity of 134 billion 
gallons). Every year Leopold bottoms are gaining 
in popularity — and for good reasons, too. 


In this design, laterals and distributing blocks are 

combined in one permanent unit that insures equal 

distribution and uniform filtration. The individual 

blocks are made of de-aired fire clay, vitrified and 

salt glazed. They resist corrosion, are not subject to 

tuberculation, won't absorb any detrimental amount 

of water, are impervious to acids and alkalis, and will 

last indefinitely. 

If you're looking for a practical, economical solu- Each individual distribution block is about 
tion to your under-drain problems, consider the two square feet in crea and weighs ap- 
advantages offered by Leopold. proximately 100 pounds. 


We'll be glad to supply details 


l eqpo/e —without obligation 


an — Pa —1 ©) 4d ©) I bo © Bea. lon 


2413 W. CARSON STREET, PITTSBURGH 4, PA, 


COMPLETE WATER PURIFICATION AND SEWAGE PLANT EQUIPMENT + DRY CHEMICAL FEEDERS 
FILTER OPERATING TABLES *« MIXER EQUIPMENT 
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electro 
purified 
compression and 
led into 105 or 150 
mcontainet or t in} 
oment to consumer 


itety tre 


have 


e, and 
rination practice 
el { vhere 


Data | citwor ot 


Purpose of Water Chlorination 


idded 


j 
ana 


to water to 
cre rey other ba 
ition is also used for 
r control, for chlorina 
mi ion mains to main 
macity and to con 
tem 


Type s of Chlorination 


rine added tw vate 


tished the chlorine demand 


wbtamned, In 
Monin Compo 
or added 
oduced ind mwAY be 


ad residual 


combine 
treatment ts known 
residual chlorina 
iiditional chlorine 1 
the breakpoint’ (at 
combined chlorine 


ppear ) free residual 


roduced and the treat 
is “free residual 


| infection 1 more 


hie presence ol “tree 
me but thi 
rreater chlorine 
than combined 
it may 
lorine 
that 


iit al 


nece iry to 
iree chlorine 
is obtained by 

m and the exce 
ved by ub equent 
with 

itinte 
ited carbor 


ulphur di 
thio 


sont 


tilfate i) ! 


Points of Application 


election oft appli ithe 
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on Water Chlorination 


chlorina 


depend 
yf the 


tion and th hy | layout 
plant hlorination 


prac tice 
t} 


terminology associated 


two pom} 
the applica 
otherwise 


Plain chlorination : 
tion of chlorine to an 
ited water supply as it enter 


pipe 


untre 


the distribution tem or the 


le iding to it 


Prechlorination is the addition ol 


chlorine to wate prior to ar othet 


treatment 
addition 
othe 


Post-chlorination is th 
of chlorine subsequent to an) 
treatment 


Re-chlorination is thi 
of chlorine to water at one or 
system 


ipplication 
more 
points in the distribution 
following previous chlorination 


treatment 


Chlorination Capacity 


The amount of « 


vater treatment plant 


usually Y pre sed in term ol 


pounds per day and chlorine feeder 
are calibrated in units of pound 


per day The amount of chlorine 
infection, of 


chlorine 


required for proper di 


other use depends on the 
watet? expressed 


flow ot 


demand of the 
i ppm the water (in 
med the amount and kind of chlo 


rine residual desired, and the con 


tact time 


Chlorine demand is defined as the 


between the amount ot 
added and _ the 
under standard 

Chlorine demand is de 
tandardized tech 
given in the lOth Edition 
Methods for Water 
\nalysis.” Chlorine 
impurities 
temperature 


difference 
chlorine residual 
obtained specified 
condition 
termined by 
niques as 
of “Standard 
and sewage 
demand depends on 
present in the water 


and contact time 


chlorine l cle 


free or combined 
after the chlo 
been satished. It 
standardized tech 
tolodine or 


Residual ined a 
the amount ol 
chlorine remaining 
rine demand has 
is determined by 
ortho 


arsenite 


nique using 
orthe-tolidine 
by amperometric titration 


reagents, or 


Che chlorine dosage required Is 
the sum of the 


the chlorine 


demand and 
ired. It ts 
pounds pet 


chlorine 
residual ce 


expressed, usually in 


multi 
(im 


24 hour andis calculated by 


plying the chlorine demand 


ppm) by the factor 8.34, and by 
(in mgd). To 
ize chlorine 
flow 


maximum expected chlo 


the rate of water flov 


choose the proper 


feeder, the maximum rate oft 
and the 
demand are 
lation. Normally, it 


pected that the maximum chlorine 


rime used in the calcu 


may be ex 
demand will not be than 2 
which are not 


more 
ppm, in w aters 
highly polluted 


Chlorine Feeder Control 


‘| he chlorine by 
machines designed for that purpose 
tour 


lee ding ol 


gas 
controlled in one of 
ways: (1) Manual control, wherein 
tart, stop and rate of feed is set 
manually ; (2) Semi-automatic con 
trol wherein the feeder starts or 
stops automatically with a pump or 


may be 


timer control and operation is at a 
manually pre-set rate (this system 
includes 
Program control wherein the chlo 


step” operation) ; (3) 
rine feed rate is automatically 
changed throughout the 
cording to a predetermined sched 
ule; (4) Proportional pacing con 
trol wherein the auto 
matically adjusts the chlorine feed 
a constant pre 


day ac 


equipment 
rate to provide 
established dosage regardless of the 
flow of the 


rate ot water 


Types of Feeders 


Chlorine feeder devices may be 
either vacuum-type, 
ium-type, partial vacuum type 
type, or type 
may be delivered either 
a direct feed 

ol applica 
com 


partial vac 
pressure pulsating 
Chlorine 
as a solution or as 
to one or 
tion, (solution 
mon in 


more point 
feed is most 


water treatment) 


The installation of chlorine feed 
equipment should point 
of application, accessibility of feed- 
requirement 


consider 


er location, 
heating facilities and safety condi 


spac Cc 


tions 


Treatment 


Control of chlorination best ac- 
complished by chlorine residual 
tests, feed adjustments according 
to chlorine dosage nomograms, and 
tests for 
results 


bacteriological confirma 


tion of disinfection 





Replace 


FOUR SIZES 
AVAILABLE: 


1 Hypochlorinater —3 
to 60 gals. solution per 
24 hours 


2 Model 1050 Gas 
Chlorinater — 0.2 to 
1000 pounds per 24 
hours. 


3 Model 1052 High- 
Capacity Gas Chlorin- 
ator—70 to 8000 pounds 
per 24 hours. 


4 Model 1053 Swim- 
ming Pool Chiorinator 
—05 to 100 pounds 
per 24 hours. 


90-310-10 


OLD STYLE chlorinators in 1955 


CELORIN 
and 


Replacing old-style chlorinators in 1955 
makes sense—and saves dollars—for these 


reasons: 


MINIMUM MAINTENANCE. F&P 
Chiorinators are engineered to cost 
much less to maintain. Every user backs 
this statement. Simple, instrument-type 
controls and corrosion-resistant materi- 
als throughout save you plenty. 


LOWER FIRST COST. Better design, in- 
telligent use of modern materials, mass 
production methods — all mean F&P 
Chlorinators cost less at the outset, save 
money day after day. 


DEPENDABLE CHLORINE METERING. 
Precise flow metering by F&P, leader 
in flow instrumentation for 18 years, 
means dependable feed, no wasted chlo- 


rine gas. 


NO SCRAPING OR PAINTING. Cabinet 
of resin-impregnated fibre glass cannot 
corrode. Lighter, tougher. 


SPARE PARTS STOCK MINIMIZED. 
Spare parts inventory reduced from a 
binful to a handful. Simple components 
rarely need replacement. Instant field 
service if they do. 


Write today~NOW—for complete data, 


including free trial offer. 


complele fo turn trlialiort 


FFP FiscHER & PORTER CO. 


Fischer Road, Hatboro, Penna 





& complete instrumentation 
Fischer & Porter offers you not only the finest chlorinator any 


money can buy—but also complete instrumentation for automati- 
cally controlling and recording each step in water and sewage 
treatment: 


in sewage treatment: 
e prechlorination 


e biological oxidation in either activated sludge 
or biofiltration plants 


e post chlorination 
e digester operation 


FLOW RATE MEASUREMENT CHEMICAL FEEDING 


Variable-area type and differential- F&P hypochlorinators, gas 
pressure type meters for flows from chlorinators, and small reagent 
0.075 cc/min to any maximum, avail- feeders handle flows from 0.03 
able for indicating, transmitting, re- € gallons of solution per hour up 
cording, controlling, totalizing, and to 8000 pounds of gas chlorine 
proportioning. Meters suited to flow per 24-hour day. Various con- 
rate measurement of sewage and f trol instruments may be readily 
sludge throughout the plant, and of used with dry feeders. F&P 
air, alum, and ferric chloride for sludge , feeder systems are ideal for 
conditioning. In water works, meters A alum, carbon, lime, and soda 
for total influent, for rate of flow to : addition, and for injecting flu- 
sand filters, and for addition of chem- * | @ride solutions. 

icals in flocculation and in taste and 

odor control. 


Centralized process control is sound practice for water and 
sewage plants. And the completely engineered control center 
you need is yours from Fischer & Porter—complete from 


primary sensing devices to controllers and alarms—every 


component precisely made, the complete package designed 


to do a better, cheaper job for you. 





for water and sewage treatment 


in water treatment: 
e chemical treatment (incl. chlorination, fluoridation, e flocculation 
or activated silica addition ) e sedimentation 
e complete sand filtration controls e ion exchange processes 


Backed by 18 years experience manufacturing instruments for measuring 
and controlling flow, temperature, pressure, etc., in chemical plants, 
petroleum refineries, and pulp and paper mills—F&P will engineer your 
entire control system for easier, less costly operation. 


Savings made possible by up-to-date instrumentation in water and sewage 
treatment plants provide funds for enlarged capacity, better treatment, 
other plant refinements. 


LEVEL MEASUREMENTS INSTRUMENTS 


Instruments for ranges from , Standord-size case and miniature 

0-5 inches to 0-35 feet, avail- case: for transmitting, recording, con- 

able with electric or pneumatic trolling such measured variables as 

transmitters for remote indica- 4 temperature, pressure, flow, flow 

tion, recording, controlling. : ratio, liquid level, etc. 

F&P Levelrator meters are used 

in conjunction with Parshall 

flumes and weirs for flow 

measurement and/or auto- AUTOMATIC CONTROLS 

matic proportioning of chlo- for chlorinators: many supplementary 

ae refinements for both the model 1050 
and model 1052 chlorinators. Such auxiliary devices include 
evaporators, automatic start-stop, automatic proportioning, re- 
mote set, program control, and pump sequence. 


F&P engineers and manufactures all types of control instruments, supplies com- 


plete centralized systems, including graphic panels. A single, dependable source for 


efhcient plant control at a factory to uset price. 


(lS) rischen & Porter c 


Fischer Road, Hatboro, Penna. 


LA 1034 





Albany, N. Y 
Atlanta, Ga 
Baltimore, Md 
Boston, Mass 
Buffalo, N. Y 
Charleston, W. Va 
Charlotte, N. C 
Chicago, Ill 


Cincinnati, Ohio 
Cleveland, Ohio 


Corpus Christi, Tex. 


Dallas, Tex. 
Denver, Colo. 
Detroit, Mich. 
Houston, Tex. 
Jacksonville, Fia. 
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~ FRP SALES AND SERVICE OFFICES: 


Kansas City, Mo. 
Kingsport, Tenn. 
Los Angeles, Calif. 
Memphis, Tenn. 
Milwaukee, Wisc. 
Minneapolis, Minn. 
New Orleans, La. 
New York, N. Y. 


Oakland, Calif. 
Philadelphia, Pa. 
Pittsburgh, Pa. 

St. Louis, Mo. 

Salt Lake City, Utah 
Seattle, Wash. 
Tulsa, Okla. 
Washington, D. C. 
Wilmington, Del. 


OVERSEAS MANUFACTURING PLANTS AND SALES ENGINEERING OFFICES IN 32 COUNTRIES 


CALL ANY F&P OFFICE FOR HELP 


Don’t hesitate to learn how your water or sewage treatment operations 


might be made more efficient, less costly. Call any F&P field office or the 


main office now. Helpful advice and suggestions are yours free of any 


obligation. F&P men want to serve you—well! Write today for free 


consultation. 


[ald ris 


complele process. wsleumentialton 
CHER & PORTER CO. 


Fischer Road, Hatboro, Penna. 





Chlorination Controls Pipeline Growths* 


H N February 1951 Palo Alto 
began the chlorination of al 


its distribution 


water 


entering system, em 
ploying individual chlorination units 
at each of the city’s eight well sites and 
with transmission 


at two connections 


ines from San Francisco. This meas 
adopted in response to in 
‘red water” 


conditions that arose 


ure Was 
creasing complaints or 
ind foul odors, 
shortly after the introduction of the 
supplementary supply from San Fran 
cisco in 1938 and became progressively 
worse over the years despite a main 
flushing program 

\ number of utilities in the Califor 
nia coastal area have been plagued by 
red water troubles due to Crenothrix, 
It had 


the San 


a genus 9! 


iron bacteria (1, 2) 
that 
isco transmission lines were in 
If that were 
\lto system might also 
infested. Iron 
ygen and partially oxi 
complete the oxidation re 


been reported some of 
Fran 
fested by this organism 
so, the Palo 
have become bacteria 
issinulate o 
lized iron. 
ction, and produce red water upon 
being sloughed off of pipe walls. When 
such bacterial activity is going on, the 
water can become sO depleted of its 
dissolved oxygen that anaerobic condi 
result. Such a situation was 
xist in the Palo Alto distri 
bution system, principally in dead ends 


and low 


tions ma 


found to « 


other areas of flow These 
illed zones of degradation were 


Sf )¢ 
characterized by little or no dissolved 
foul und Crenothria 
lests made by the state health 
department at the city’s request indi 


oxygen, odors. 


; 
coponies 


cated the presence of Cr nothrix ina 
majority of the Palo Alto wells, the 
water supply from San Francisco, and 

points in the distribution system 


Chlorination Program 


It was decided that chlorination was 
the most and practical 
combating the effect ot 


economical 
means of 
Crenothrix. The necessary equipment 
was purchased and installed in 1950 
Before actually starting chlorination, 
however, exhaustive dissolved-oxygen 
fests so that the results 


measure any subse 


vere made, 


could he used to 


*Reprinted from 1WW.A 
46, p. 681, by permission of Amer 
Works Assn 


Vi | 
W ater 


J ur 


Calif., 


by GEORGE Y. BLAIR 
Asst. Engr., Water-Gas-Sewer Div., Palo Alto, Calif 


quent improvement. [hese tests, ap 
proximately 200 of which were carried 
out in all known areas of degradation 
throughout the distribution system 
and at all sources of supply, showed 
content 


a dissolved oxyyzen 
from 0 ppm to 4.0 ppm, the average 
being 1.9 ppm, substantially less than 
the 6.5-ppm average found at the vari 
ous points of entry into the system 


ranging 


\nother step taken in advance of 
chlorination was to enlist the aid of the 
local newspaper in notifying consum 
ers of the reasons for the program, the 
results expected, and the tastes and 
odors that would be present during its 
early stages. It that this 
prec aution helped greatly to keep the 
initial 


is believed 
number of complaints to a 
minimum 
rhe city planned to attempt to main 

tain, from the start, a 1.0-ppm free 
chlorine residual in the distribution 
reservoirs, and at the transmission line 
in order to hasten the a 

bacterial 
It was expected that, as the 


connections, 
tion of the chlorine on the 
colonies 
chlorine passed through the distribu 
tion system, its reaction with the bac 
terial products would cause tastes and 
odors to become more and more evi 
dent. It is worthy of note, however, 
that, in those the 
where the free chlorine residual 
on the order of 0.4 ppm, no objection 
able tastes or odors occurred, although 


areas of system 


was 


they were quite prevalent where the 
residual was less than 0.2 ppm 


Distribution System Flushed 


In an effort to carry a 1.0-ppm free 
chlorine residual throughout the whole 
flushing 


distribution system, a new 


program was undertaken. Systemati 
cally covering one area after another, 
working from the various points of 


entry into the system toward the ex 


tremities, it required approximately 2 
to flush out the 
pletely. This procedure 
for a period of 3 months, During the 
nirst great 
quantities of tubercles and slime or 


weeks system com 


was repeated 
month of chlorination, 
ganisms were to be found issuing from 
the fire hydrants when flushed 

In that same month, dissolved-oxy 
gen and free chlorine residual deter 
minations made at selected control 
points indicated that the anticipated 
results were being obtained. The aver 
age oxygen demand fell from 4.6 ppm 


to 0.5 ppm. During the early phases, 


the average free chlorine residual in 
the system was 0.2 ppm, varying from 
a maximum of 1.0 ppm in the reset 
voir effluent to zero in the distribution 
the flushing 


program proceeded, the average sys 


system extremities As 


tem residual rose to 0.6 ppm, with 0.2 


ppm at the extremities 


Results Achieved 


After 3 red 


plaints stopped completely, but some 


months water com 
reports of tastes and odors continued 
to be received, all of them from con 
sumers whose service lines were so 1n 
fested with Crenothrix that the entire 
free chlorine residual available in the 
distribution mains was being absorbed 
In time this condition cleared up, al 
though occasional taste and odor com 
plaints are still being received, In 
practically all such 
found that the offense occurs in the 
morning, attet 
the pipes overnight and all the fre 
chlorine has After 
this water and its chloro products have 


instances, it 1 


the water has lain in 


been consumed 
heen expelled from the lines, the taste 
and odors vanish, only to recur when 
consumer use drops off and the fre 
chlorine residual again disappears, It 
often happens that a service line sam 
ple will show no free residual chlorine 
when the distribution line sample ha 
as much as 0.6 ppm 

The chlorine demand in the sy 
except during 
initial 


ten) 


steadily decreased 
1952 


has 
the spring of from an 
average of 0.75 ppm to an average of 
0.15 ppm in 1953. In the 
1952 the demand rose to 0.75 ppm but 
dropped off within 2 months as a re 
sult of additional flushing. This tem 
porary increase was attributed to the 
fact that, in the of 1951, 3 


months after chlorination had started 


pring oT 


surimer 


the flushing program was stopped be 
it was felt that the distribution 
system had been sufficiently cleaned 


Cause 


Specific Wells Responsible 


Karly in the spring of 1952 renewed 
complaints began to be received re 
garding red water. As this condition 
was not accompanied by tastes and 
odors, it was conjectured that the trou 
ble was not biological in origin but 
rather an effect of the chemical com 
position of the water. Further investi 


W.&S8S.W.—Rererence & DATA 1955 





e difficulty to three lt was found possible to eliminate 8&8 per cent reduction im cor plaints in 
? 
e 


bined tron and manga the problem by flushing the system, 2 years. 


ranging from 0.3 to 0.5 concentrating on the areas known to 2. A free chlorine residual! can be 


cation of chlorine and be supplied by the three offending maintained throughout an extensive 
dissolved-oxygen con wells. In the spring of 1953 red water distribution system (Palo Alto serves 
brought about the complaints were less frequent because 13,000 consumers through 126 miles 
and eventual pre the trouble had been anticipated and of distribution mains) 
iron and manganese pot flushing programs were initiated 3. The chlorine demand of the -dis- 
ely short reservoir early tribution system diminishes with time 
S hr), precipita The effectiveness of the chlorina until a stable point is reach 
until the water wa tion and flushing programs is indi 4. Even though the extent of Cren- 
tem, During the cated by the fact that. in the vear othrix kill in the distribution mains is 
vhen the water de 1952-53, a total of 152 water quality satisfactory, tastes and odors may still 
clocities were low, the complaints were received, compared be present at the consumer's tap, be- 
ere deposited in the sys with 1,256 during the year 1950-51, cause of the additional time required 
ind distribution loop [his amounts to a reduction of more to effect complete kill in the service 
e demand increased than 1,100 in just 2 years lines. 
oO water (not used in 


introduced into the Conelysions References 
on flows rose in velo 1. Dersy, R. L. Control of Slime Growths 
instances, changed di I’ xperience at Palo Alto shows that: in Transmission lines. Jour. AWWA, 
disturbing the depos 1. Free residual chlorination is an 39:1107 (Nov. 1947) ; 
ning them up into the effective means of combating Creno . ad mane My ~ ( alif = ¥ Di -~ eine 
iro s aliforniz stri 
Systems. Jour. AWWA, 42 :849 (Sep. 


improvement in water quality and an 1950). R&D 


inevitable result thrix mitestation, as evidenced by the 


Characteristics of Chlorine 


* 
99.9 
Greenish-yellow 
Pungent-irritating 


3.214 


i Pressure 
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WALLACE & TIERNAN INCORPORATED 


Manufacturers of Chlorine and Chemical Control Equipment 


Belleville 9, New Jersey 


“THE ONLY SAFE WATER IS A STERILIZED WATER” 


REPRESENTED IN 


Albany Charlotte Detroit 
Atlanta Chicage Houston 
Aastin Cleveland Indianapolis 
Boston Columbus Jacksonville 
Bridgeport Dallas Kansas City 
Buffale Denver 


Wallace & Tiernan Ltd., Torente, Canada 
Wallace & Tiernan Ltd., Wirinipeg, Canada 


Knoxville 
Lubbock 
Minneapolis 
Monrovia, Calif, 
Oklahoma City 


Philadelphia San Francisco 
Pittsburgh Seattle 

Portland, Ore. St. Louls 
Roanoke Uaion City 

Salt Lake City Washington, D.C. 


Wallace & Tiernan Ltd., Montreal, Canada 
Wallace & Tiernan Ltd., London, England 





FREE RESIDUAL CHLORINATION 


Recent developments in water works practice show 
that bacteria practically cease to exist where Free Resi- 
dual Chlorination, as accomplished by the Break-Point 
Process, is employed. Such chlorination assures the 
production of free available chlorine residuals which 
have a high killing potential. In many plants bacterial 
control by the Break-Point Process has been augmented 
with additional benefits such as improved coagulation, 
increased color removal, elimination of aigal conditions, 
reduced chemical costs and increased length of filter 
runs with a resultant saving in wash water. 


TYPE MASV 
AUTOMATIC SOLUTION FEED 
VISIBLE VACUUM CHLORINATOR 


Where unusual or extreme fluc- 
tuations in water or sewage flow 
are encountered, the Type MASV 
meets the chlorination require- 
ments. It embodies all the advan 
tages of automatic proportioning 
of chlorine feed, and automatic 
starting and stopping with the out- 
standing features of the Visible 
Vacuum Control Chlorinator - 
rugged construction, simplicity of 
operation and low maintenance 
costs. 


Type MASY Automatic 
Visible Vacuum 
Chlerinater 


THE W&T HYPOCHLORINATOR 


WaT Hypechicrinater 


Chlorination of small water supplies involves prob- 
lems which the W&T Hypochlorinator is especially de- 
signed to meet. This equipment feeds either calcium or 


sodium hypochlorite in solution form and is furnished 
in three types. 


The Electrically Operated type is particularly useful 
for small pumped water supplies. Since water pressure 
furnishes the major part of the operating power, the 
cost of electricity is but a few cents a day. Automatic 
Water Operated Hypochlorinators automatically pro- 
portion the chlorine solution to the flow of water and 
are especially adapted to small gravity water supplies 
with wide variations in flow. 


The Belt Driven unit is a sturdy, dependable unit for 
use where electric power is not available or where op 
eration is to be synchreaized with 
pumping equipment driver, by gasoline 
engine or other similar motive power 


WT SILACTOR & 

The WT Silactor (pronounced SILI 
actor) provides a system for the contin 
uous production of activated silica with 
chlorine. Raw materials—chlorine and 
sodium silicate—are withdrawn directly 
from their own containers without 
handling or dilution. All chlorine used 
in the WT Silactor is available for the 
normal functions of chlorine, such as 
killing bacteria and algae, or for the 
oxidation of iron, manganese and othe 


oxidizable material. WT Silactor 


DRY CHEMICAL FEEDERS 
For the application of dry chemicals, Wallace & Tier 
nan offers a complete line of feeding equipment. The 
Types MO, MOF and MOI Dry Feeders include such 


advantages as positive agitation, easy calibration and 
accurate feed over ranges of from 0.5 to 200 pounds 


per hour, depending upon the chemical used 


CONVENIENCE 
W&T is represented in each of the 39 cities by a 
service staff prepared to give advice on the proper 
equipment for any chlorination problem. 


Current literature on the many phases of chlorina 
tion, ammoniation and dry chemical feeding is avail 
able on request 
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Control for Permutit Precipita- Cubicle for Precipitator which 
tor, filters and water softeners. clarifies and softens water. 


Main control panel for 2 Precipitators, sodium and Control for Permutit Precipitator, hydrogen-cycle Control for Permutit soften- 
hydrogen-cycle softeners, degasifiers, and pumps. softeners and 2 mixed-bed demineralizing units. ers (hot process) and pumps. 











Panel for operation of three Graphic control for eight Permutit ion exchange units Control for Permutit two-step 
mixed-bed demineralizers. for demineralizing sugar solutions in a large refinery. demineralizing equipment. 
’ mm © 


.* 


: 4. rf 


Alarm system for Permutit Control for Permutit soften- Permutit control panel for four gravity filters installed at 
two-step demineralizers. ing equipment (hot-process). the new generating station of a large eastern utility. 


Why we make our own panels: 


Life might be simpler if we “farmed out” our control As a result, we talk in terms of over-all results. And 
cubicles and instrument panels . . . but we like to build you get complete service from one source. 
every major component of a PERMUTIT water-condi- For further information, write to: The Permutit 
tioning or ion exchange system . . . so that we know it Company, Dept. W-13, 330 West 42nd St., New York 
will do its specific job properly. 36, New York. 

That's why these panels ... and the hundreds of WATER CONDITIONING + ION EXCHANGE 
others in power plants, chemical process plants, manu 
facturing plants and muni ipal water works . . . are 
designed by Permutit engineers and assembled, wired 


and piped in Permutit factories. , 
rh its Ww hy we cle sign and build our own special eo] = we Irgeit Tit 
parts such as multiport valves, strainer systems and 


chemical feeders. That's why we make our own ion ee ee eee ee 
ox hange resins, 
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W ATER IS adjudged “hard” or 
“soft” by the consumer accord- 
ing to whether or not lathers 
freely in it. Hardness is caused, prin- 


cipally, by four chemical compounds 
Calcium _ bicarbonate, 


sé yap 


in solution 
magnesium bicarbonate, calcium sul 
fate and magnesium sulfate. Some 
times calcium or magnesium chloride 
or nitrate are present as may be iron 
Any and all of these 
cause water to be hard 


Hard waters not only 


and manganese 
substances 
when present 
consume soap and do not lather freely 
but they deposit scale in boilers, cause 
soap and produce the well 
known bath tub ring 


curds, 


Hard water is found in every state 
except Washington, Oregon and the 
\tlanti States. States with 
extremely hard waters include [Ilinois, 
Indiana, lowa, North and South Da 
kota, Nebraska, Kansas, Arizona and 


New Mexico 


Coast 


Water Softening Processes 


Water is softened by removing the 
calcium and magnesium. This process 
may be accomplished in two ways 
Che calcium and magnesium 
precipitated by the addition of 
or lime and soda ash, or the calcium 


can be 
lime 
and can be removed by 
passing the water over a bed of ion 
which will ex 


magnesium 
exchange material 
change sodium ions for the calcium 

In the former proc 
concentration of dis 


and magnesium 
total 

solved chemical salts in the water is 
reduced. In the latter 
total concentration of salts is not re 
duced but the chemical salts in the 
water are changed from calcium and 
compounds to 


ess, the 


process the 


magnesium sodium 


compounds 


Lime-Soda Process 


Ihe addition of lime to water to 
soften it has been used for more than 
100 Adoption ot the process 


grew rapidly after 1903 when the first 


years 


municipal softening plant was built in 
the total 
of municipal softening plants in the 
is less than 1000, but railroads 


erall 


Oberlin, Ohio, but number 


| ~ 


and power! plants yet sotten 


their water supplies 


When Ca(OH ).—is 
to water containing calcium bicarbon 
ate, all (or prac tically all) of the cal 


lime added 


Water Softening 


cium, both pre sent and added, is pre 


cipitated as insoluble calcium cat 


bonate sludge. If magnesium is pres 
ent, it 1s precipitated as magnesium 
hydroxide. When sulfates or chlo 
rides of calcium and magnesium ( that 
is, non-carbonate hardness) are pres 
ent, soda ash—NagCO,—is added to 
produce calcium and magnesium car 
bonate, and an excess of lime converts 
the magnesium carbonate to the in 
soluble hydroxide 

and soda ash 
laboratory 


Che amounts of link 
to add are determined by 
tests, particularly test for alkalinity 
and total and non-carbonate hardness 
Lime or lime and soda ash are added 
by dry chemical feeders. Where quick 
lime is used instead of hydrated lin 
a lime feeder and slaker are used to 
feed the chemical 

\n excess of lime must be used to 
insure a complete precipitation of 
calcium and magnesium, This pro 
duces a free hydroxide alkalinity with 
a high pH and may effect the taste of 
the water, Some of the calcium will 
remain in colloidal condition and pre 
cipitate later on filters or in pipe lines 
lo avoid this difficulty, carbon di 
oxide is added to the softened water 
to lower the pH and prevent aftet 
precipitation of calcium carbonate 
Chis process is known as recarbona 
tion and has been termed stabilization 
but the latter term is more often used 
to signify the use of glassy phos 
phates to prevent corrosion and red 


water 


lon Exchange Process 

Karly use of the ion-exchange pro 
ess of water softening was confined 
to natural zeolites (greensand) and to 
Modern synthet 
large 


household softeners 
ic ion-exchange resins have a 
water and are 


capacity to soften 


easily regenerated by salt brine. Large 
installations for municipal water soft 
ening are now in use and operate al 
softening 


most automatically in the 


and regeneration cvcle 


Economic Aspects 


Water in hard water areas is sof 
tened to reduce soap consumption, to 
reduce bad effect on clothes washed in 
it, to reduce bad effects on plumbia vy, 
heating systems, boiler tubes and 
shells and to improve its acceptability 


for industrial process us 


It has been shown that it is cheaper 
to pay a reasonable charge for cen 
tralized softening than to accept a 
hard water supply, a part of which 
must be softened in the home. Soften 
ing water with soap (for that is what 
happens in order to produce a lather ) 
is expensive. Studies have shown that 
soap wastage will be greater in dollar 
value per capita than the cost per 
capita of softening the entire supply 


synthetic de 
argu 


advent of 
syndets, the 


With the 
tergents, te rmed 
ment tor sottening to 
lessened because syndets will perform 
wash 
water 


Save ap 18 


in hard water with no loss of 
ing power. The softening of 
for boiler use, power plants and proc- 
ess waters remains a necessary pro¢ 
ess. The use of syndets however may 
lessen public pressure to install water 
softening plants where they do not 
now exist 

In 1951, L. R. Howson, Cons 
Engr. of Chicago wrote that ‘Most 
public water supplies with a hardness 
of 125 ppm or more will eventually 
be softened not only because the cost 
of softening is outweighed by the sav- 
ings which result from the softening, 
but also water softening 
makes a community a better place to 


be causCc 
live 


In 1953, T. Ie. Larson, Chief Chem- 
ist, Ill. State Water Survey Div. ex- 
pressed the opinion that further ob 
servation would be needed before it 
could be determined just what effect 
the use of would have on 
water softening-practices both in mu 
nicipal plants and in home softeness 


syndets 


In 1951 syndets accounted for 35 
per cent of the detergent market; in 
1952, 45.7 per cent; in 1953, 54 per 
and in 1954, 59.1 per 
Syndet manufacturers expect to cap 
ture 75 per cent of the total detergent 


Vhis 


growth, plus the development of new 


cent : cent, 


market in the next several years 


detergents may affect the public atti 
tude toward softening 

highly unlikely however 
that present municipal water soften 
ing plants will be discontinued in the 
foreseeable future and certainly water 


It seems 


oftening in industry will continue to 


be an essential proces 
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Lime and Lime Slaking 


By H. E. LORDLEY 


+ Ff 


IME is one of the oldest chemicals known to civilization, yet 
the efficient utilization of this important chemical is im- 
peded by lack of complete information concerning its physical 
and chemical properties. Since lime is used in such large quan 
tities for softening and corrosion control in the water works field, 
it is amazing that so little information is to be found in water 


works literature on the subject of lime and lime slaking. 


There Is Lime and Lime 


Limestone, which is the source of the calcium oxide, will vary 
in physical and chemical properties in different parts of the coun- 
try. Some limestone is high in magnesium which is objectionable 
for use in water purification plants, yet suitable for other chem- 
ical processes. Other sources are high in iron and silica, so it is 
well to study an analysis of the raw stone before buying lime for 
the water plant. At the lime plant, in the first step of processing 
the rock for calcining, a superoir finished product results if 
mud, sand, and other impurities are removed before burning. In 
the actual calcining step, the manufacturer can control both the 
physical and chemical properties of the lime, either by the type 
of kiln or the method of firing. Therefore, we get much lime 
that is either under-burned or over-burned by lack of control 
of the process at the kiln. 


Take, for example, the old style vertical kiln using coal as a 
source of heat without modern control equipment, we find that 
the lime thus burned will slake very slowly. On the other hand, 
the modern controlled rotary kiln produces lime that will slake 
so rapidly that it actually explodes in the slaker. The author 
recalls an amusing incident at the Richmond Filter plant on 
changing from a vertical kiln to a rotary kiln lime. The operator 
frantically called to report that the lime slaker was out of order 
and making a terrible rumble in the slaking chamber. On in- 
vestigation, the new rotary kiln lime was producing miniature 
explositions that sounded like a loose agitator blade. Also com- 
mon to the old style vertical kiln is the large percentage of core 
as compared to practically core-free lime trom the rotary kiln 
So we see that all lime is not the same from every lime plant and 
the water works executive must choose the source of lime care 
fully if highest efficiency is to result 


As to Lime Properties 


After the lime leaves the kiln it must be graded as to size 
Quicklime can be furnished in sizes varying from a fine pulver 
ized product, which will pass a 200 mesh screen, to a pebble lime 
of two inch size. In determining the proper size to use in the 
plant, the operator must remember that the pulverized lime offers 
both a dust problem and a feeding problem due to arching in the 
hopper. Dust can be controlled by proper ventilating system, but 
archhing is just a universal worry. Arching can be partly cor 
rected by design of light weight hoppers having a bottom slope 
of not less than 60° from the horizontal. “Syntron” vibrators on 
f the hopper will further reduce arching, but the best 
the use of pebble lime of size from 4% inch to \% inch 
suitable feeding and slaking equipment is available 
reduced, arching in hopper is eliminated, and air-slaking 
in storage is not as rapid with pebble lime as with the 
pulverized lime. Another physical property of interest is the 
of the lime: white, gray, black, blue, ete. All are high in 
and color is not a criterion of a good lime. The 
| properties and specifications are easy to determine in the 
laboratory. The lime should contain not less tran 90 per cent 
CaO, have a low magnesia, silica, and iron content, and be free 


of arseni 


the de « 
answer is 
prov leg 
Dust 

of lime 


col r 
cal m oxide 


chem 


plants today, calcium hydroxide (hydrated lime) is 
preferred to calcium oxide, due largely to lack of information 
and equipment for slaking the oxide. The lime manufacturer 
is anxious to dispose of calcium hydroxide, since all fines from 
calcium oxide are converted into calcium hydroxide at the lime 
plant. The water works executive must remember that he pays 


Ir Many 
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for slaking process plus freight on water in hauling hydrated 
lime in preference to burned lime. 


Economic Considerations 


TABLE I 

Typical 

Calcium 

Oxide 

Lime 

Insoluble Residue ’ 37 
R:Os y 52 
Loss on Ignition 2.19 
Magnesium oxide . 2 50 
Calcium oxide 92.00* 
CaO Equivalents 70.00 
Cost Price Del./Ton $10.00 
Cost Price per ton CaO $14.28 


Typical 
Calcium 
Hydroxide 
Lime 


*Calcium Hydroxide—Ca (OH), or CaO + H,O 


In Table No: 1, a typical analysis and price of calcium hydrox- 
ide as compared to calcium oxide shows the economic status of 
the two types of lime. In buying a typical pebble calcium oxide in 
place of calcium hydroxide, a net saving of $2.90 per ton of CaO 
equivalents is realized, plus higher operating efficiency. In actual 
plant operation the saving will be greater, since the theoretical 
ratio of one part CaO to 1.32 parts Ca (OH), approaches a 
practical operating ratio of 1 part CaO to 1.5 parts Ca (OH), 


Another way to save money in buying quicklime is in the size 
of the lime. A pulverized calcium oxide (passing 200 mesh) is 
more costly than a standard pebble or cracked lime. The manu- 
facturer must charge for the expensive process of pulverizing and 
will raise the price of calcium oxide from $11.00/ton to approxi- 
mately $13.00/ton for the pulverized product. Also for large 
plants, the lime shipped in 15 ton cars costs more than in 25 ton 
cars, due to the freight rates. 


With the mouey that can be saved by shifting from calcium 
hydroxide to pebble calcium oxide, an excellent feeder and slaker 
can be purchased and the lime treatment will become a con 
trolled process rather than the usual “hit or miss” process. The 
operator should investigate and experiment with different types 
of lime to find the one best suited to his own plant and local 
conditions. 


Lime Slaking Equipment and Its Operation 


The operation of the slaker is not easy. Like a man learning 
to ride a bicycle, the problem looks simple yet requires initial 
research and a few hard knocks before the art is mastered 


First, and most essential, is an efficient dry-feeder. In the 
Richmond Filter Plant, an Omega lime feeder delivers the 
lime to the slaking vat at an astoundingly accurate rate. The 
feeder is a gravimetric batch type having a maximum capacity 
of 175 pound/hour and a minimum capacity of 1.75-pound/hour 
The feeder has a 1,000 pound capacity, and properly designed 
hopper equipped with an agitator and mounted on a sensitive 
beam scale. The adjusting mechanism for changing the rate of 
feed is located in a compact unit with an alarm to indicate any 
trouble in feeding, such as an empty hopper or failure of ma- 
terial to leave the hopper. The lime feed is controlled by the 
vibrating plate at the bottom of the hopper. The pebble lime of 
size not exceeding 4 inch size falls off the vibrating plate 
directly into a compact Omega Slaker located on the same floor 
with the feeder in a floor space of only 54 inch by 84 inch for 
both feeder and slaker. The unit is equipped with a water 
operated vapor removal system to collect dust and steam from 
the slaker. The water from this unit is not wasted, but is used 
as make-up water for the slaker or in conveying the lime to the 





point of application. The slaker has a minimum retention period 
of 30 minutes at the maximum rate of feed and is agitated with 
a motor driven impeller so adjusted to give proper circulation 
in the chamber. 


Temperature Control Important 


The optimum temperature for slaking will vary both with the 
type of lime and the retention period in the slaker. The most 
efficient slaker temperature range is between 150° F. and 180° 
F.; above 180° F. the steam and vapor will overload the vapor 
removal equipment and cause corrosion of the slaker and feeder 
In the Richmond plant, the optimum temperature is 160° fF 
using a pebble lime having a 96 per cent CaO content. In order 
to maintain this temperature in the shaker, with our incoming 
water varying between 33° F. and 85° F., an electric water heater 
of three No. M-240, 4,000 watt Chronolox immersion heaters 
was purchased for the job. The heaters are equipped with three 
way switches for seasonal control and thermostats on each unit 
to supply makeup water at a uniform temperature regardless o! 
the temperature of the incoming water. The heat of hydration 
of calcium oxide is 273 calories per gram. However, in slaking 
small quantities of lime some of this heat is lost and must be 
supplemented by heat from the make-up water 


Proper Water Ratio 


In slaking lime, too little water gives a heavy slurry that is too 
thick to be agitated properly by the impeller, yet an excess oi 
water increases the expense of heating make-up water and will 
dilute the lime so that maximum retention time in the slaker is 
materially reduced. Different brands of lime require variable 
quantities of water, but a slurry of the proper viscosity is usually 
obtained by a ratio range of 1 pound lime to 3 pounds water to a 
ratio of 1:4%. After a series of experiments at the Richmond 
plant, the ratio of 1:4 was adopted and gives excellent operating 
results 


To control the ratio, a standard water meter is connected in the 
supply line to the heater. The meter was geared so that the lowest 
dial actually reads 3 times the amount of water passing through 
the meter. For example, one cubic foot of water passing through 
the meter indicated three cubic feet on the dial. This method was 
devised to afford the operator a chance to check the water flow at 
low rates much more readily than with the regular meter dial 
After checking the flow, the operator refers to a chart (see Table 
2) showing the meter reading corresponding to each rate of lime 
feed for a ratio of 1:4, adjustment being made by the needle con 
trol valve if necessary. Example: Feed 50 lbs./hr. of lime. Re 


TABLE II 


Water Meter Reading vs. Dial Setting for Optimum 
Ratio one lime to four water 
Meter 
Pounds/hr. Dial Reading 
Lime Setting (Cu. ft.*) 
a: ae “es l 3 
ee ; nae Sata ate 5 16 
17.50 3.4 
5 5.0 
6.7 
8&4 
10.0 
117 
13.5 
15.1 
16.7 
18.4 


— 


roe 
tn 


Sree 


uw 


An Bw 
SowuS 


uw 


*Special Meter Dial. Indicates three times actual flow 


quires for ratio 1:4, 50 X 4 or 200 lbs./hr. of water equals 


——=32 cu. ft. per hour of water. 

62.4 
On special dial, this reads 3.2 x 3 or 9.6. On the chart opposite 
the rate of 50 lbs./hr. is the value 9.6 which should be the read 
ing of the meter for one hour. The operator adjusts the valve 
to get this reading. 


Che lime after slaking is diluted with water from the vapor 
removal unit and flows over a weir into the outlet line. Some 
lime has considerable core so that the machine is designed for 
core removal, without stopping the slaker operation. The core 
is removed to a chamber to be washed to recover any calcium 
hydroxide on the surface and is then dumped into a trash can 
under the slaker. Tests are being run on the amount of unslaked 
lime in the sample collected at the effluent of the slaker but are 
not complete enough at present to report in this paper 


Piping Lime Suspensions 


No other problem seems more perplexing than that of trans 
porting the lime to the point of application 300 feet or 400 feet 
from the slaker. If duplicate lines are available, one line can 
be cleaned with a chlorine solution while the other line is in 
service. However, caution must be observed to prevent the 
chlorine from actually attacking the iron pipe. Recently sug 
gested is the use of “Calgon” to keep the lines free of incrustants 
but so far little work has been reported on this method. Many 
plants use rubber hose and clean the line by beating or shaking 
the hose. The author has found that the open trough is the 
simplest method of delivering the lime, provided the necessary 
fall between the machine and point of application can be 
obtained. 


pH Control Simplified 


So accurate is the control of pH with the new Omega slaker 
that in the Richmond plant we can hold a constant pH of 8.7 
in our finished water. It is important to note in Table No, 3 
that prior to the installation of the slaker, we had trouble in 
our distribution system with a decided drop in pH. Now with 
the present slaker we have only a slight drop and a correspond- 
ing decrease of iron in the dead-ends. We can only explain this 
by the fact that the controlled slaking is productive of a more 
highly peptized lime suspension—more nearly a_ colloidal 
suspension 


TABLE III 


Station No. 34* 
Location—Broad Rock Road 
Before Slaker After Slaker 
Installation Installation 
1938 1940 
Res. Cly : 0 00 
ee seikdaaese stubs vel my . 60 80 
Color sence cen ; sé . . 40) 10 
Alk. (M.) vit 4 23 
Alk, (Phen.) ; vethdsaeons ti 0 
CO, pesuas wees 0 
pH . vba BY 
FesOs : 40 


*This station is located near a dead-end 


It is hoped that water works men will study lime treatment 
and get more lime per dollar. Remember that often obsolete 
equipment can be scrapped and new equipment purchased with 
the saving. so why not have a modern plant at no extra cost? 
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Recarbonation With Liquid Carbon Dioxide’ 


By ARTHUR F. MELLEN 


Supt. of Water Treatment, Water Works Dept., Minneapolis, Minn. 


W ATER softening by the lime process 
has been practiced for many years, 
but the product originally was not satis- 
factory for either domestic or industrial 
use because it was super-saturated with 
normal carbonates of calcium and mag- 
nesium. Such water tended to cause in- 
crustation in flumes, pipes and filters at 
the treatment plants, as well as in mains, 
service lines and meters, and was particu- 
larly objectionable in hot-water lines. 
Lime softening upsets the chemical 
balance of natural water, which presents 
definite problem to the plant oper- 
corrective treatment results in 
too high, incrustation may 
if the pH is too low, corro- 
ay result. The optimum pH zone 
limited 
were made many years ago to 
stabilize softened water with carbon 
dioxide, but the process was unattractive 
e of producer and application grid 


a very 
ator. lia 
a pH that i 
occur, while 
sion 
may be very 


Atte: pt 


becau 
trouble 
The 


consist 


ventional producer plant usually 
fa unit for the burning of coke, 
gas powdered anthracite coal, al- 
thoug! tack gases, such as those from 
a pumping station, are often used. These 
gases are scrubbed in order to free them 
from corrosive components and then 
dried and delivered to the 
point 
Mecl af 


ofter 


are 
compressed 

ipplication 
cal difficulties with the com 
pressor give a great deai of trouble, 
resulting in frequent interruptions of 
ause of needed repairs and re- 
relatively large amounts of time 
maintenance. Undesirable 
irregularities in the quality of the carbon 
dioxide produced, and, hence, in the treat- 
ment of the water, may also occur 

In the modern carbon dioxide plant, the 
compre is the first instead of, as for- 
merly, the last unit in the producer line 
Since the mpressor handles only clean 
air and the entire system is under pres 
sure, combustion is complete, making 
scrubbing and drying unnecessary. This 
arrangement considerably simplifies the 
problem of carbon dioxide production 

The 
quires a 
basi area 
carbon dioxide 
13 per ent 
atm 
heads in 


service he 
quiring 
and money for 


softening plant re- 
relatively large recarbonation 
The gas produced has a 
value of approximately 
the balance being principally 
nitrogen. The distribution 
basin is usually fitted 
with 44-in, laterals of galvanized steel or 
brass, spaced on 1-ft. centers and drilled 
on 1-ft. centers with %-in. holes, pointed 
downward The size of these orifices is 
criti too wide, the gas 
bubbl large and may not com 
plete! reaching the surface 
of the water, thus resulting in a loss. On 
the other hand, if they are too small, the 
tendency is to clog rapidly with incrus- 
tation 


onventional 


ner 


such a 


are 


eact before 


Dry-lee Installations 


Dr ice is also a source of carbon 
dioxide for stabilization. In January, 1946, 
having made lease arrangements with the 


*Copyright 1950 as a part of the Jour, Amer 
Water Whs. Asm., Vol. 42, No. 2; reprinted by 
permiss! m 
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Liquid Carbonic Corp., the Minneapolis 
Water Dept. put into service at the Frid- 
ley Filtration Plant two 4-ton dry-ice 
converters with the necessary evaporators, 
controls and meters. Experimental work 
was carried on during the next 1% years, 
although not continuously. At the end of 
that time it appeared that the use of 100 
per cent carbon dioxide was attractive but 
that the liquid form would be preferred 
to dry ice for an installation of the size 
required 

Quite a number of dry-ice installations 
have been made in recent years in small 
softening plants. An interesting descrip- 
tion of such a plant at Wyoming, Ohio, 
was given in a recent article by Fred G 
Gedge (1) 

An important feature affecting the eco- 
nomical use of dry ice is the distance from 
the source of supply. Since it is very ex- 
pensive to provide storage facilities be- 
cause of the nature of the material, soften- 
ing plants are likely to be dependent on 
very frequent deliveries from nearby 
sources. Consequently, manpower diff- 
culties are involved, particularly during 
periods of heavy demand, weekends and 
so forth 


Liquid Carbon Dioxide 


The first experimental use of liquid car- 
bon dioxide was made by the Cardox 
Corp. of Chicago at the softening plant 
at Lansing, Mich., in December, 1945, 
where a 5-ton transport truck was used 
as the source of supply. The trial runs 
were satisfactory but the procedure was 
not continued because the distance from 
the source made truck deliveries very ex- 
pensive, and the cost of storage was too 
great to permit buying the liquid in tank 
car lots. 

In April, 1946, the Cardox Corp. having 
provided a temporary control panel, Min- 
neapolis experimented with the use of 
liquid carbon dioxide for about four 
weeks, during which time three tank cars 
were used as the source of supply. The 
results were quite satisfactory 

The first permanent installation was 
made by the Cardox Corp. at the Minne- 
apolis softening plant in February, 1947, 
and has been in continuous use since that 
time. The second installation was at the 
new South Dist. Filtration Plant in Chi 
cago 

Liquid carbon dioxide is shipped in tank 
cars containing approximately 48,000 Ib 
of liquid and gas. The cars, in general, 
resemble those used for gasoline or oil, 
except that they have especially thick steel 
shells and unusual safety devices which 
are required by the Interstate Commerce 
Commission. There are two popoff valves 
which release at approximately 325 and 
375 psi. It is not possible to make such a 
shipment without very considerable vapor 
loss, except at midwinter temperatures. 
These losses are high during the summer, 
but payment is made on the basis of car 
weights at Minneapolis 

Duplicate unloading pumps deliver the 
liquid from tank cars to storage tanks. 
Credit is given for 2,700 Ib. of carbon di- 
oxide in the returned car. The cost of 
storage tanks of such capacity as would 
compare with the reserve inventory of 


other chemicals (approximately 3 days’ 
supply) appeared to be prohibitive. Al- 
though the department prefers to use car- 
bon dioxide exclusively, filter alum may 
be employed for acidification in the event 
of a shortage, being sure that the pH is 
kept low enough to avoid the presence of 
soluble aluminum compounds. The storage 
facilities consist of two tanks holding 40 
tons each, which are insulated with 6 in 
of pressed cork. The vapor pressure in 
the storage tanks ranges from 270 to 290 
psi. Each tank is provided with a unit 
which converts the liquid into vapor. 
These units consist of the necessary elec- 
trical and thermostatic controls with va- 
porizing cylinders having 3—5-kw. heat- 
ing elements. They have a maximum 
capacity of about 11,000 Ib. per day. 

Each storage tank has its own refriger- 
ating system, which automatically func- 
tions when the vapor pressure becomes 
too high. When sufficient vapor has been 
converted to liquid and the pressure is 
reduced, the refrigerating system auto- 
matically cuts out. 

The gas is withdrawn from the storage 
tank at a temperature of approximately 
0°F. and passes to the control board, 
where it is preheated in vapor heaters so 
that, when it passes through the pressure- 
reducing valve, the temperature of the 
metered vapor is 50°F. and the pressure 
is 20 psi. The vapor is proportioned as 
required by three rotameters and passes 
into two header systems which convey the 
gas into two sets of diffusers, one for each 
of the twin recarbonation chambers. Each 
bank of diffusers has nine units, consist- 
ing of 1%4-in. cotton fabric hose similar 
in appearance to that of a fire hose with- 
out the rubber liner. This hose is specially 
manufactured for controlled porosity and 
is treated against damage by molds. By 
breaking unions in the pipe on each side 
of the chamber, the diffuser units may 
easily be raised for inspection or repair. 

The use of these diffusers has a great 
advantage over the conventional orifice 
type, principally because they occupy 
much less space, are much cheaper to 
install and can be inspected or repaired 
without dewatering the chambers, as is 
necessary in the conventional type 

Of course, it is evident that the diffuser 
area required when 100 per cent carbon 
dioxide is used is proportionally less than 
if a 13 per cent producer gas is employed. 

Commercial production of dry ice and 
liquid carbon dioxide is increasing greatly 
each year because of refrigeration and 
soft-drink requirements. Production and 
shipping problems are being worked out 
so that these products will be available 
not only in large industrial centers, but 
also at many other strategic points, mak- 
ing tank truck service feasible. 

It seems safe to forecast that the trend 
will be increasingly away from carbon 
dioxide produced at the softening pliant 
and toward the use of dry ice or liquid 
carbon dioxide where frequent deliveries 
of small shipments can be reliably made 
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Iron and Manganese Removal 


RON and manganese can be con 
two of the most trouble 
found in natural 
troubles 
they are 
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sidered 
some elements to be 
water supplies \s to the 
caused by these elements, 
legion. To mention just a few: 
household—-procelain fixtures, glass- 
ware, laundered materials, etc., de- 
velop unsightly stains which are very 
difficult to remove, and tea and cof- 
fee made with such waters become 
nuddy-looking. unpalatable bever- 
ages. In the industries, even more 
serious difficulties are encountered 
cotton and other textiles can 
not be processed in such waters; ray 
on manutacture 1s impossible ; dyeing 
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develop troublesome 
quality 
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is uneven and spotty ; 


ficult; beverage 
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pulp and paper production is 
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popularly 
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equipment, cutting 
and frequently break 
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By ESKEL NORDELL 


ries. The Permutit Co 


ganous bicarbonate. These divalent 
bicarbonates are colorless compounds 
which exist only in solution and are 
commonly found in deep well 
spring waters. They can 
occur, in cases of iron or man 
ganese pickup, when an unaerated 
water is pumped through distribution 
systems containing the insoluble, high- 
er oxides or hydrated oxides. Under 
such conditions, a portion of these 
deposits may be reduced to the diva- 
lent form, which ‘then goes into so- 
lution 


The 


most 
waters or 


also, 


commonest form in 
which manganese 
in an colloidal form, usu 
ally in surface waters and lower strata 
sometimes 


second 
iron and occur is 


ryanic or 


water in deep reservoirs, 
shallow well waters and occasion 
1 
ally in deep well waters. Almost in 
variably, these waters have a rathet 
high color, due to the organic matter 
present 
\ third 


sulfates 


form is as the divalent 
ferrous sulfate or man 
ganous sulfate, but these are found 
only in acid waters such as (1) acid 
mine waters, (2) acid well or spring 
waters in the neighborhood of mines 
or contaminated by trade wastes, or 
(3) acid surface waters which 
ilarly have been contaminated by 
mine waters or trade wastes. 

\ fourth form, of secondary origin 
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suspended, insoluble 
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New York, N.Y 


carbonate, either of which causes the 
familiar “Red Water.” In the absence 
of oxygen and presence of sulphides 
foul smelling “Black Water 
from fire-haydrants or dead-end blow 
offs 


issues 


Ferrous Bicarbonate— 
Manganous Bicarbonate 


Iron or when 
as the divalent 
removed by one of four processes: 
(1) Aeration, followed by 
and filtration 
Oxidation with 
lowed by settling and 
(3) Cation Exchange 
(4) Manganese Zeolite 
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filtration 


AERATION, SETTLING, AND 


FILTRATION 
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removed 


iron and manganese may be 
aeration, settling and fil 
tration but as manganese requires dif 
ferent conditions for its oxidation, the 
ferrous bicarbonate will 
Ferrous bicarbon- 
solubility 


removal of 
be considered first 
ate has a appreciable 
which varies somewhat according to 
the amount of free carbon dioxide 
while ferric hydroxide has a 

which is so low that it is 
negligible. Therefore, on oxidizing 
ferrous bicarbonate to ferric hydrox 
ide, the iron content of the water will 
be precipitated in a practically insolu 
rhe oxidation is rapid and 


very 


present, 
solubility 


ble form 
complete at pH values of 7.0 or over 
\t somewhat lower pH values, the 
oxidation proceeds at a 


much slower 
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Fig. 1—COKE TRAY aerator preceding manganese zeolite filters and zeolite softeners, Coraop 


s, Pa 
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the rather early days of man 
removal when it was noticed 
of the aeration, settling and 
type was first put in action, apparently 
little or no removal of manganese oc 
curred for the first couple of days or 
so and then rather rapidly the plant 
began to function correctly and re 
moved the managanese 


to a slight coating of the higher oxides 


This was due 


of manganese on the granules of the 
filter bed which seems to serve as a 
oxidizing and removing 
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the manganese trom 


Fig. 2—WOOD SLAT TRAY aerator for iron removal on roof preceding filtration, and zeolite softeners, Genoa, Ohio. 
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water. One bad 
ened filters” is that 
ings on the filter media tend to “shell 
off” and contaminate the effluent. To 
this tendency can be 


occasionally 


a great extent, 


overcome by dissolving 
and cleaning off the 
fore they become too thick and then 
“ripening” the cleaned media before 
returning the filter to use 

Table II shows the effect of pH in 
bicarbonate 


old coatings he 


oxidizing 
when no catalyst (or “ripened” filter) 
was employed 

While Table IT shows that a pH of 
10.3 was required for complete oxida 
tion of the manganese when no cata 
lyst was employed, Table II] 
that a pH of 8.5 was sufficient when a 
In this case, the 
the water 
contact 
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catalyst stirred with 
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similar to that of a ripened filter 
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Table II 
Errect or pH on THe OXIDATION oF 
MANGANOUS MANGANESE BY DISSOLVED 
Arr, WitrHnout STrrRrinc 


Manganese in Aerated and 
Filtered Water (ppm) 


Raw Water 


Manganese 
(ppm.) 


10.0 10.0 
10.0 9.0 
10.0 - 
10.0 7 5 3.2 
0.9 
0.6 
0.02 


(15 min.) (30 min.) (60 min.) 
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Ferrous bircarbonate may be com 
pletely oxidized by chlorine at pH 
values as low While more ex 
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than aeration, it may be used 


as 5.0 
pensive 
lor removing iron from waters as low 
as 5. pH value. Chlorine is of little 
value, however, in the oxidation of 
manganese, unless ripened filters are 
employed, for otherwise a pH prac- 
tically as high as for oxidation by air 
is required. In some experiments 
which I made on this, a pH of 10.0 
was necessary tor complete oxidation 
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Table III 
Caracytic Errect or 1 Gram per Liver o1 
Previousty AERATED AND PRECIPITATED 
MANGANIC Hyproxipe, WITH STIRRING, ON 
THE OXIDATION OF MANGANOUS 
MANGANESE AT Various PH VaLues 


Manganese in Aerated and 
Filtered Water (ppm 


Raw Water 
+ Catalyst 


Manganese 


pH (ppm.) (60 min.) 


(15 min.) (30 min.) 
5 10.0 1.0 
a0 10.0 0.3 
as 10.0 <0.1 <0.1 
9.0 10.0 <0.1 < < 0.1 
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Iron or manganese in the form of 
the soluble, divalent bicarbonates, may 
be removed simultaneously with the 
hardness by the familiar Sodium Ca 
tion Exchange or Zeolite process. In 
this, the iron is taken up by the zeolite 
which gives up an equivalent amount 
of sodium in exchange for it. The zeo 
lites which are used for this purpose 
are either of the greensand, carbona 
ceous or synthetic resin type. It is also 
the usual practice to limit the applica 
tion of the cation exchange process to 


waters having not more than | ppm 
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water containing 10 gpg of hardness, 
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In other words, with a 


waters having 20 or more gpg of 
hardness, 10 ppm of iron on man 
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Regarding the completeness of re 
moval of iron and/or manganese by 
this method, the effluent usually will 
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the Zeolite for removal of these met 
als extends beyond the point at which 
zero hardness water is produced, In 
the softener can be 
certain and still 


more 
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overrun a amount 
tree 
water. This overrun or so-called ‘‘salt 
starvation” method has been used to 
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supplies where the hardness 
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that 
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Fig. 3—~ZEOLITE UNITS for combination iron and hardness removal st Wapakoneta, Ohio. 
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3 illustrates a 4-unit 


| softening pl: 


| operation howe ver, 


i mixed effluent of 
has 


argely uperceded by another method 


unvarying hi: ess and it beer 


n which one portion of the water 1s 
oftened to zero hardness and the rot 
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r manganese simultaneously removed 


y cation exchange while another por 
oft the 


metal but not to 


water is treated to remove 
soften the 
ct im one munict 
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baat r the dnes 


which remove the iron 


after which the 
» flows join through a mixing valve 


ron-free (0.1 ppm or 


rdness watet 


rtant in applying this ze 


1 


lite , f iron removal to kee 


water trom contact 
with air ason for that 1 
ontact with the 

through the 


would he 


the enter 
that 1f 
wate! 


' 


reoiite 


ur come i" 

before it passe 
bed, some of the iron pre 
cipitated and filtered out by the ze 
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foot and 


of 10 


lite, and the zeolits 
designed to act as a 
word 
i rate of Zto 
be backwashed at 

per sq. foot or Zeolite 
on the other hand, are de 
operate at flow rates of from 
foot and are back 
of from 5 to 6 gpm 
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would rates 
gpm over 
otteners 
ined to 
to S gpm. pet q 
washed at rate 
per sq. toot 
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may also be removed from all 
filtra 
scoltening it to whatevet 
required, In Fig, 2, all of the 
ettled and filtered 


oftening to the required cle 


iron and or man 
yanese 
of the 


before 


water, by aeration and 
tion 
degree } 
water is aerated 
before 
zeolite 


yree with 


Cation exc! ingers, operating on the 


hvdrovet {Ae id 


cycle, will also re 
or manganese, exchanging 
them. As these, how 


are very rarely used in municipal 


move irot 
hydrogen for 
evert 
treatment 


water plants, there is no 


need of detailing their operation 


MANGANESI 
The Manganese Zeolite process 1s 


of rather limited application, but is 


ZROLITE 


in cases where the iron ot 
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desirable to the 
For industrial and munici 
pal use, it is the usual practice not to 


treat waters by this 


treat water under 


pressure 
method unless the 
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Fig. 4——-MANGANESE ZEOLITE filters 

at East Lansing, Mich., remove iron 

from 25% of the water. Both iron and 

hardness are removed from 75°%,. The 
two portions are mixed 


manvanese content 1s on 


For household 


industrial plants, 


ppm 
use or tor 
rather this 
method may be used with waters con 


small 


taining up to 10 ppm of iron or man 
vanes¢ 

granular 
material made from greensand zeolite 
by alternate treatments man- 
ganous sulfate and potassium perman 
vanate Its 
or manganest 
pounds per cubic foot and the amount 
required 
0.18 pounds per 


Manganese zeolite is a 


with 


capacity tor removing tron 
is approximately 0.09 
ol potassium permanganate 
to regenerate it 1s 
cubic foot 
In ordet ve iron or man 

se b l ( ss, all that is nec 
flow the water through 
zeolite filters at a rate 
ot 3 opm per sq. toot \s the divalent 
comes in contact 


zeolite it 18 OX! 


sSary 18 to 


the mar yanes¢ 


iron of 
with the 
dized to the 
which is then removed by the filtering 
action of the granular bed. At inter 
to backwash the 
filter to remove these deposits and the 
rate l gpm. pet 


manganese 
manganese 


insoluble hydrated oxide 


vals, it is necessary 


backwash used is 8 
square foot. Regeneration is required 
in order to restore the oxidizing pow- 
er of the filter Depending on the 
amount of iron or manganese present 
the flow rate and the number of hours 
used per day, regeneration may be 
some 5 to 20 days apart. The regen 
erant used, as previously mentioned, is 
potassium permanganate, and the rea 
son why this process is usually limited 
in industrial or municipal use to 
waters containing not over 1 ppm. of 





iron is because potassium permangan- 
ate is a relatively expensive material 
to use as a regenerate. The cost, ot 
course, for removing small amounts 
of iron is not high, but with larger 
contents of iron, the cost would be 
excessive as compared with other 
methods. A two-unit plant of this 
type is shown in Fig. 4 


Organic or Colloidal 
Iron and Manganese 


In highly colored surface waters, 
iron or manganese is frequently pres 
ent in an organic or colloidal form 
which cannot be completely removed 
by any of the foregoing processes. 
Some highly shallow well 
waters and more rarely a highly col 
ored deep well water will also contain 
iron or manganese in this form 


cf yl red 


In making water analyses, the iron 
content particularly is often expressed 
as “Total Iron” and then possibly a 
portion of this is expressed as “Solu 
ble Iron.” If the water contained only 
ferrous bicarbonate, then the latte: 
figure would be rather meaningless 
for it would depend on whether the 
sample had been analyzed immediate 
ly, as drawn, or whether it had been 
partially or completely oxidized and 
precipitated during the interval be 
tween sampling and making the anal 
ysis. However, the reason for making 
this “Soluble Iron” determination on 
shipped samples is simply so that, if 
any soluble iron is present, then fur 
ther tests can be made to see if this 
soluble iron is merely some which es 
caped oxidation or if it is due to col 
loidal or organic iron 

For instance, one clear but highly 
colored water sample with a color of 
450 ppm. had a total iron content of 
12 ppm all of which was in solution 
when the sample arrived in the labora 
tory some 5 days after the sample had 
been drawn. Aeration and filtration 
had absolutely no effect on the iron 
content even when a detention period 
of 48 hours was used between aera 
tion and filtration 

Another water, with a color of 35 
pom and an iron content of 3.5 ppm 
was aerated, the pH was adjusted to 
8.3, a detention period of one hour 
was allowed after which the water 
was filtered. This treatment only re- 
duced the iron content to 2.6 ppm. 

In another experiment in which a 
highly colored swamp water had 2.0 
ppm. each of manganous bicarbonate 
and ferrous bicarbonate, both ex- 
pressed as the metals, aeration plus 
mereasing the pH to 10.5 plus one 
hour detention period plus filtration 
resulted in removing unly a little less 
than one-half of both the iron and 
manganese content 
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Fig. 5—FLOW DIAGRAM of Spaulding-Permutit Precipitator and filter for removal of organic or colloidal iron and/or manganese by 


Such waters, however, uSually re 


pond to coagulation, settling and fil 
tration whicii the 


manganese as well as the great bulk 


removes iron of 


of the color. It is advisable to run jar 
tests in the field, on freshly drawn 
samples, to find what dosage of coagu 
l; what is the most fa 
vorable pH range for coagulation and 


whether or not the use of a coagulant 


aid, such as clay or activated silica, is 


also required 


int is required, 


Che coagulant usually used 


this works well at pH 
the 
on 


is alum 
inum sulfate as 
values somewhat below 7.0, say in 
Floc format 
rapid and the 
These 


! 
cosages and 


and 


5 5 to OS 
flox shi uld 


uickly tests will show 


conditions are re 


under tavorable condi 


flocculation, clarification and filtration. 


the 
ganese should be reduced to not more 
than 0.1 ppm 

The equipment 
chemical feeds, reaction chamber and 
settling equipment or precipitator and 
floc-former of settling basin type and 
filters \ flow this is 
shown in Fig. 5 


tions, content of iron or man 


used consists of 


diagram of 


Ferrous Sulfate— 
Manganous Sulfate 


In certain sections, especially in 
mining districts, acid waters are found 

both surface and ground waters 
Such waters may contain both ferrous 
sulfates as well 


Some of 


and manganous 
sulfuric 
ground 


with acid and sulfates that 


as 
acid these 


waters are so heavily charged 


free 


they are 


WEIGHTS OF MATERIALS 


not worth treating but other ground 
waters are amenable to treatment, As 
for the surface waters, the acid con 
tent has been so greatly diluted that 
neutralization usually 
ous difficulties 


offers no seri 


Che usual method of treating these 
acid waters is to neutralize them with 
either ash or lime, 
chlorinate if required, settle and filter 
rhere is usually little difficulty in oxi 
dizing and precipitating the iron but 
the manganese removal may he 
more difficult. Raising the pH value 
or using ripened filters is of value and 
few with 
where the manganes« 


soda aerate ofr 


much 


in a cases Surtace waters 


content is small, 
chlorite 


advo 


permanganate or sodium 


(chlorine diexide) have been 
to oxidize the 


cated manganese 


Pounds per Cubic Foot — Average 


COAL AND COKE 


Anthracite 
Bituminous 


LIME 


Quick, loose lumps 
Quick, fine 


LIME STONE 


Large blocks 
Irregular lumps 


MASONRY 


Granite or limestone 
Mortar, rubble 


METALS 


Aluminum 
Brass, cast 


Iron, cast 
Iron, wrought 


Lead, rolled 
Steel, cast 
Steel, rolled 
Tin, cast 
Zinc, cast 


SAND 


Dry and loose 

Dry and packed 

Wet and packed 

Gravel, packed 

Gravel, 

AEE o0be4nn0ceeesend cons 


WATER 


Water, 08 168 ..ccccee 
Water, at 32° F........ 
Water, at 212° F.... 
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Causes and Prevention of Water Losses 


water industry the term “waste 

a multitude of sins and it might 
while to examine the 
of some ot detours from recti 
No plant, of course, sells 100 per cent 
produces. There are un 
of waste, which produc e 
lant a certain irreducible loss 


) pause a 


these 


ater if 
ources 
ses may be due to one of more 
iber of causes. “House waste” is 
ly encountered problem Although 
individual leaks in this cate 
the total amount of 
very great 
such leaks 
underground leakage 
mall quantities to several 
a day—even exceed 
occasions—for a single 
low” meter is another source 
which may range from a few 
on a defective meter 
mdred thousand on a large in 
\ fourth water 
mauthorized connection, and 
vary widely. This prob- 
with very frequently, but, 
exist, the losses are often 
master meters, un 
and readings 
meters have 


irom 
be light, 
because 


lved can be 
Losses 
var) 


hun 


| 
urge number of 


ilting fron 
nd gallons 


nm rare 


house 
cause ot 
gain the total may 
em not met 
when it 

t Defective 

trial meters 

ir apart that the 
between checks are 


ig@eri 


also respon 


tration losses 


Need for Meter Inspection 


figures depend 

the master meter This in 
usually of the Venturi or orifice 
excellent state of re 
year alter year 
happens It 


unted-tor upon 


im an 
sccurately 

lly something 
recording apparatus 
checked and adjusted, but 
into the throat of 


something else happens 


which cat 
some 
reign matter gets 

ri tube or 
turb the ratio of the areas at the points 
taken In the older 


usually not easy to 


pre ure are 
Ventur pe, it 


ect tri 


was 
part of the meter, and without 
ect apparatus can be expected to 
continue to function properly after 
year Pitometer checks had shown a cer 
tain » be working perfectly as much 
as thirt after installation That is 
good hortly thereafter further 
tests indicated that the meter had begun to 
overregister, a condition which gradually 
grew worse over the next few finally 
rea » * r cent An inspection re 

stone had worked its way 

upset the ratios, 

e meter to overregister 

mber of meters, the pres 
ave been affected by tubercula 
resulted 
thirty or 


ins 
ts 
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year 


meter t 


years 


years 


veale 


pressure 


has 
irdly surprising after 
of taithtul service 


alse registration 


of scientific equipment is en 
amount of care. Mod 
nturi tubes are equipped with hand 
inspection of the internal con 
Experience has 
show that all master meters 
Venturi, orifice plate, pilot tube or current 
l—perform excellently properly 
But oc 
checks by 


1 rea onable 


make 


dition of the tube easy 


types ol 


whe n 
maintained 
accuracy 


“ he« 


chosen ar roperly 


casional independent 
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by HOMER E. BECKWITH 


District Manager, The Pitometer Co., Pittsburgh, Pa. 


means of some instrument such as the pi- 
tometer are of great value in insuring that 
the figures being used for total water pro- 
duction are accurate 


Domestic Waste 


Once assured that the production figures 
are correct, it should next be determined 
how much of the water delivered to custom- 
ers is being profitably used or paid for. 
Originally all water was sold to domestic 
customers on a “flat-rate” basis. Some ef 
fort was occasionally made to control the 
amount of water used per service by limit 
diameter of the service pipe, some 
Y% in. or even less These attempts 
proved ineffectual, however, except in hold 
ing down the peak demand rate, since they 
did little to eliminate the small but per 
sistent leaks which continued throughout 
the day but which were not of sufficient size 
seriously to affect the pressures or the sup 
ply of water for normal use 

[here are two methods in general use for 
controlling domestic water One is 
the examination of house fixtures by quali 
fied inspectors, either on an overall or a 
selective basis, with penalties invoked for 
failure to keep plumbing in a good state of 
Ihe other method is the installa 
tion of meters on domestic services, again 
either completely or selectively Which 
means should be chosen is a matter of eco- 
nomics, depending on the amount of the 
existing waste and its cost Some small 
where there are no sewer systems 
and where persistent fixture waste will 
quickly cause cesspools or septic tanks to 
overtiow, may have a per capita consump 
tion of as low as 40 gpd. Unless this wa- 
ter has a high production cost, it may be 
uneconomical to spend much money to re- 
duce the loss. In other cities, where facili- 
ties exist for draining off the waste with- 
out inconvenience to the wasteful consumer, 
the per capita use and waste of water may 
reach 300 or even 400 gpd. Even with low- 
cost water, some effort to control wastage 
is clearly indicated when consumption is 
anywhere near this high. Inspection and 
forced repair of defective plumbing fixtures 
may serve the purpose, but more and more 
resorting to the metering of do- 
mestic In order for this method 
to be effective, the meters must be kept in 
repair and read at proper intervals 


ing the 
times to 


waste 


repair 


cities, 


cities are 
services 


Registration Losses 


| he 
tivity 
mest 


author has always felt that sensi 
is a trait more to be desired in a do 
meter than extreme accuracy. The 
mechanical device and it takes 
energy to move it. The energy necessary 
for sufficient water to slip around the work- 
ing parts of the meter and cause a small but 
steady drip is so little that few if any of 
the meters in current use will register it 
How large an amount can slide through 
without causing the meter to turn depends 
sensitivity its inertia or resistance 
to movement And the sensitivity of the 
meter determines the size a fixture leak 
must attain before it begins to cost the 
customer money. It must not be forgotten 
that small drips will usually not register on 
even the newest and best of the meters in 
popular use. Such leaks therefore become 
one of the items in the total of unaccount- 
ed-for water. Furthermore, a little reflec- 
tion will show that the amount lost depends 


meter 18 a 


on its 


* 


upon the number of meters and not upon 
how much water flows through the meters. 
As the average use through each meter in- 
creases, the percentage of loss from drip de- 
creases. Meters which may be 100 per cent 
accurate at a relatively high rate of flow 
but which do not start to register until an 
appreciable flow occurs are a fertile source 
ot loss. On the other hand, a meter which 
causes an increase in the water bill when 
ever a relatively small fixture leak is per 
mitted to persist makes the customer “waste 
minded” and cuts down the amount of wast 
ed water 


Loss in registration can also result from 
too infrequent reading of the meters. The 
author recalls one city where the careful 
investigation of a night flow rate of ap- 
proximately 30,000 gpd. in a block 
failed to disclose any indications of under- 
leakage Inspection revealed that 
meters were turning at a constant 
rate of 4% cfm. or more—over 360 cu.ft. a 
day or 130,000 cu.ft. a year. As the meters 
were only read once a the 
capacity of the reading dial was only 100,- 
000 cu.ft., the meters turned completely over 
between readings and the customers were 
billed for only part of the water actually 
There were indications that some of 
the meters had turned over at twice 
between readings. The remedy here mani- 
festly is more frequent readings or an in- 
crease in the capacity of the reading dial 
Some smaller industrial meters turn over 
between readings which are six months 
apart 


single 


ground 
several 


year, and as 


used 
least 


Several years ago a survey in a cer- 
tain small city brought to light the fact that 
the high loss was almost entirely the result 
of underreading the large industrial meters. 
The smallest reading unit on the large me- 
ters was ten times the size of the smallest 
unit on the domestic meters and was so 
marked. The meter reader, however, paid 
no attention to the markings and year after 
year read the meters at 10 per cent of the 
actual consumption 
might be mentioned that 
occasionally get mixed 
are gallon 
ct readings 


In passing, it 
cubic-foot meters 
into a system where all the rest 
meters, or vice versa, and incor: 
result 


Another source of lost water, or at least 
lost registration, is the industrial meter 
which does not accurately record the flow 
through it, because the meter is worn out 
or otherwise defective, or it is im- 
properly set or unwisely selected. Manufac- 
turers make several types of meters, each 
of which is especially designed to do a cer- 
tain kind of work. Some perform best un- 
der high continuous flows, some under rela- 
tively low flows and some under a com- 
bination of both. Moreover, the manufac- 
turer’s instructions about setting the meter 
must be followed or incorrect registration 
may result. Satisfactory service can be as 
sured only if meters are correctly chosen 
as to type and size and are properly set 


Meters are mechanical instruments and 
even the best machines eventually wear out 
Although registration may continue, worn 
gears and other frailties of old age gradu- 
ally decrease meter accuracy. Meters are 
the cash registers of the water works sys 
tem and justify every bit of attention and 
care required to keep them in proper work- 
ing condition 


bec Aus¢ 





nally it would be found that in- 
stomers are taking water through 
unauthorized connections or unmetered fire 
lines—often in spectacular amounts. The 
author } ws of one plant which took near- 
ly 2 mgd. and had apparently been doing 
It is remarkable, however, 
top manage- 


Occasi 
dustrial cu 


so for 25 years 
that in most such instances the 
ment of the offending company has no 
knowledge of what is taking place. Some 
minor official is usually just trying to make 
a showing Most people are honest 


Underground Leakage 

The s e of greatest losses is the hid- 
den, underground leak, which may vary in 
size from a few gallons a day to over a 
millior Underground leaks occurring on 
mains are usually due to blown joints, brok- 
holes, rotted wooden 
plugs and the Those on services are 
due principally to broken corporation cocks, 
detective ped joints, blown gaskets, split 
pipe, or pipe disintegrated by corrosion or 
rhe escaping water gets into 
| beds, culverts, streams, lime- 
stone « und so forth. Even after more 
than 25 experience in detecting and 
locating leaks, the author is frequently sur- 
prised by some new combination of circum 
stances ich will permit water to escape 
from such a leak without any surface indi 
cation ts existence. The increase in 
the amount of paved streets has been a tat 
tor in keeping many leaks hidder 
stated, some leaks are 
etected by any presently known 
method, and, even if they definitely 
located, the cost of repairs would be exces- 
sive. These small leaks are an important 
factor i losses. Here again, 
the amount of loss depends on the size and 
number of the mains and not on the quan- 
tity of water they carry. If the water use 
from a particular pipe were doubled, the 
increase would not cause a single gallon 
more to be lost from that pipe. In other 
words, the percentage ratio of the seepage 
to the use would be cut in half 

Other factors, such as leakage and evap 
reservoirs, also contribute to 
ible loss. 
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Water Waste Surveys 
[he three principal causes of irreducible 
losses are fixture drips too small to register 


on meters, small seeps from mains, and 


Satisfied customers are worth 
more to us than revenue 
secured from water uselessly 


passing through meters. 
INDIANAPOLIS WATER Co. 


Safe Water 
delivered night and day re | 
Costs Less us" 
than anything else you buy 4 
es but ee 
Don’t Ignore 
Leaks! 


evaporation and other reservoir losses. None 
of these three bears any direct relation to 
the amount of water put into the system. 
For this reason, it is impossible to give any 
overall figure for reasonable losses. Some 
plants should, and do, account for approxi- 
mately 90 per cent of the water produced. 
Others, with a very low per capita use or 
an excessive main mileage in relation to the 
amount of consumption, can under the best of 
conditions account for only a much smaller 
percentage. It requires a water waste sur- 
vey, planned in such a way that it will de- 
tect and locate all of the preventable sources 
of waste, to determine what the unavoid- 
able loss is on any particular system. 

Che pitometer water waste survey is in- 
tended to be that type of survey. It is 
based upon a series of direct and indirect 
measurements with the pitometer which de- 
termine the amount of water entering the 
system and its distribution throughout the 
system. A properly designed pitometer sur- 
vey has several functions: 

1. It checks the master 
curacy by independent comparative 
measurement 

2. It divides the distribution system into 
districts containing a few miles of main each 
and obtains a 24-hour measurement of the 
total flow into each district, together with 
the variation in that flow. 


3. It tests large industrial meters for ac- 
curacy by independent comparative flow 
measurement. 

4. It checks large industrial plants for 
unauthorized connections, again by flow 
measurement. 

5. It determines the distribution of the 
night rate of flow almost block by block, 
so that the location, as well as the amount 
of the waste, can be determined. Through 
further investigations conducted by suitable 
methods wherever these measurements show 
abnormal flows, all leaks are definitely lo- 
cated for repair and all other sources of 
waste are disclosed. 

That is to say, the survey tells where 
the water goes and why it goes there. It 
eliminates guesswork and clearly shows the 
exact nature of the waste, so that remedial 
steps may be taken. Underground leaks 
are located and can be dug up and repaired 
If residential waste is involved, the responsi- 
ble areas, or even individual properties, are 
discovered, making possible the elimination 
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ot the waste by inspection and repairs or by 
metering. Defective industrial meters or 
unauthorized industrial use is detected, and 
the meters can be repaired or replaced. If 
it is found that meters are not being read 
often enough, the period between readings 
can be shortened. Once the disease has 
been correctly diagnosed, the remedy is 
clearly indicated. 

When such a survey has been made and 
all the waste stopped, then and only then 
can the percentage of “unavoidable” waste 
for a particular plant be determined. 

A question frequently asked is what size 
of community can profitably make a water 
waste survey. The answer is that there 
seems to be no maximum or minimum limit 
Some of the most outstandingly successful 
surveys have been mad’. in communities of 
more than a million population, while others 
have been equally successful in communi- 
ties of less than a thousand population, A 
single leak wasting 50,000 gpd. would be a 
very small item in a system using 100 m@d., 
but in a small community with a total daily 
consumption of 100,000 gal. it would amount 
to half of the output. Although most of the 
really large individual leaks have been found 
on the larger systems, the surveys which 
have resulted in the highest percentage of 
water loss reduction have usually been made 
on smaller plants. The operation of the sur- 
vey is flexible, and methods are readily 
adaptable to the various field conditions en 
countered—including the size of the com- 
munity. 

The amount of “preventable” waste which 
should be permitted to exist before a deter- 
mined effort is made to locate and eliminate 
it depends on the value of the water—its 
cost of production, the quantity available 
and other widely varying factors. The least 
valuable water is probably that taken from 
a gravity supply having surplus storage and 
transmission capacity, although as the de 
mand approaches the capacity of the plant 
this water can become extremely precious. 
Most expensive is the water obtained from 
limited supplies with high purification and 
softening Each system has to be 
studied upon the basis of local conditions, 
but there will always be a point at which 
waste becomes too costly to be tolerated 
When that point has been reached or passed, 
a careful, scientifically planned survey such 
as the one previously outlined will best serve 
to bring the losses down to a minimum 
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47,600 1,451,800 $156.21 


Tt O 12,300 375,150 0.05 


19.65 


6.35 


1.97 
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The above is a reproduction of the top side of a little blotter 
sent out to customegs, reminding them of the high cost of allow- 
ing fixture leaks to persist. If as good at blotting waste as ink, 
the scheme is praiseworthy. 

Incidentally, the Indianapolis Water Company gets in a good 
public-relations message about satisfied customers being worth 
more to them than the added revenue from the uselessly metered 


wastage 
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Water Use by Air-Conditioning Equipment’ 


| ECAUSE of the growth of the air 
conditioning industry, water use by 
air-conditioning equipment has become in 
reasingly significant. Some municipalities 
have been forced to invoke restrictive meas 
others may soon find they must take 
still others may never 
find it necessary to follow this course. It is 
therefore appropriate to take a clear view 
of the subject at this time in order to eval 
and study corrective 


ures; 


imilar steps; but 


uate its importance 
measures if applicable 

The term “subject” is used rather than 
because the consumption of water 


nditioning equipment is not neces 


“problen 
by air-ce 
sarily a problem unless local factors make 
\ study of this water usage should be 
local in scope, and since 80 many 
simplify the 
necessity, 


it one 

eritirely 
local conditions complicate or 
problen this will, ot 
be held to generalities, with no attempt be 
procedure for 


dis¢ ussion 


made to recommend 


situations 


ing 

purely local 

Condensers 
All 


mec 


air-conditioning systems employing 
anical refrigeration require some means 
compressed refrigerant gas 
back to the liquid 


f cooling the 
in order to condense it 


Warm water 
from condenser 


7 a 


Nozzles 





lowes 


float 
Valve Cool water 


ATMOSPHERIC cooling tower 


City water 
makeup 


VLBA ALOS 


Fig. 1 


One of the most popular methods is 
the use of the air-cooled condenser, but un 
fortunately its overall efficiency low 
that it is not generally practical except in 

very small installations 
On larger installations, it is quite common 
water-cooled condenser, employing 
water supply as the cooling me 
diun This device usually consists of a 
shell-and-coil type of heat exchanger, with 
water passing through the coil and cooling 
the refrigerant gas which comes in contact 
with the outside of the coil. In this process, 
the temperature of the water is raised to a 
point at which it is no longer useful as a 
cooling agent and must be rejected in favor 
temperature. There is 


water at a lower 
| ntinuous flow of water 


state 


is $0 


to use a 


the publi 


ugh the condenser while the equipment 
amounting to approximately 
per compressor horsepower at 
apparent that this method can 
the wasting of large quantities of 

has undergone no other chang 


is In Operation 


] gpm 


ad. Iti 


1 15-20°F. rise in temperature 
a 10-hp. air-conditioning com 
water at the rate of 2.0 
gpm 


i 
mole 


{ or using city 
gpm. per horsepower, 
1,200 gph. and 9,600 gal. or 1,270 cu.ft. per 
eight-hour day. These figures may not be 
impressive to those accustomed to thinking 
in terms of millions of gallons per day, but 
with a multiplicity of installations, the water 
consumed can become a significant load ot 


consumes 20 


*Reprinted from JAWWA, Vol. 41, p. 437 by 


permissior 
W.&5.W 
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Aw Flow 


makeup vane “UA a 
to condenser 


Fig. 2. INDUCED-DRAFT cooling tower 


mains. Whether this load is 
undesirable depends on local 
conditions, but it must be borne in mind 
that it generally occurs during the summer 
months and may coincide with other peaks. 

rhe air-conditioning installation just de- 
scribed is relatively low in initial cost to the 
owner, but, depending on local water rates, 
could be quite expensive to operate because 
of the high water consumption. Installations 
of this type are usually equipped with an 
automatic water-regulating valve to insure 
against using more water than is required 
under less than the maximum load. It has 
been the author's experience that these 
valves are adequate for adjusting water flow 
to meet load conditions but should not be 
relied on to effect complete closure during 
shut-down periods. It must not be over 
looked that, in certain localities, the disposal 
of waste condenser water constitutes just as 
great a problem as does the supply of this 
water in other localities 

The wasting of condenser water could 
sometimes be objectionable on account of 
inadequate supply or disposal facilities, high 
costs, high initial temperatures, poor chem 
ical characteristics and other factors. It is 
well to consider, therefore, some of the 
most common means of combating this prob 


the city water 
desirable or 


lem 


Conservation Devices 

The water-cooled condenser described 
previously can be used in conjunction with 
a cooling tower or spray pond, which, if 
properly designed and installed, can recap- 
ture approximately 95 per cent of the water 
otherwise wasted. This saving is accom- 
plished by re-cooling the warm water dis 
charged from the condenser and returning it 
to the condenser by means of a circulating 
pump 

The atmospheric cooling tower (Fig. 1) 
depends entirely on natural wind and air 
currents to cool the condenser water effec- 
tively. It is suitable for location only in 
places where free and unobstructed air flow 
is available. Many installations of this type 
have failed to produce the desired results 
because the tower was located in a light 
court or on the lee side of some obstruction. 

The induced-draft cooling tower (Fig. 2) 
is equipped with a motor-driven fan to cre- 
ate its own draft. This type can be located 
in many positions which would be unsuitable 
for the atmospheric tower, but obviously its 
initial cost is greater 


Warn water Spray Neazies —"\, 
wnenone YY YY | 


Float Valve 





Se a ee 








Fig. 3. SPRAY pond 


The spray pond (Fig. 3), commonly used 
as a water conservation device, has certain 
advantages as well as disadvantages when 
compared with cooling towers. Job condi- 
tions should govern the choice. 

The cooling towers and spray pond will 
perform the desired task of water cooling 
with varying degrees of efficiency, depending 
on local conditions. They are all readily 
suitable to existing water-cooled installa- 
tions, with the adaptation usually consisting 
of simple piping changes and the addition 
of a circulating pump. It should be remem- 
bered that the addition of the water-circulat- 
ing pump will increase the use of power, a 
fact which must be considered when evalu- 
ating operating costs 

The evaporative condenser (Fig. 4) is 
one of the most efficient means of condensing 
with minimum water requirements. In this 
device, the refrigerant gas is cooled directly 
by a combination of air and spray water 
passing over the condensing coil. Only one 
heat transfer is necessary (gas to water and 
air), as contrasted with the cooling tower 
or spray pond, which require two heat trans- 
fers (gas to water, and water to air). The 
evaporative condenser is very compact and 
frequently can be placed in locations which 
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Fig. 4. Evaporative condenser 


are not practical for cooling-tower installa 
tions. On new installations, the evaporative 
condenser compares favorably in first cost 
with cooling towers and spray ponds. If 
water-conserving equipment is to be applied 
to existing water-cooled equipment, the 
cooling tower is usually cheaper than the 
evaporative condenser, in that the tower 
installation continues to utilize the existing 
water-cooled condenser. 

From the viewpoint of those in the busi 
ness of supplying water, the subject can be 
summarized by stating that 

1. The water load imposed by air-condi 
tioning equipment can be attractive to those 
systems which have ample water for sale 
during the summer months 

2. This load can be unattractive to those 
systems which have a deficiency of water in 
the summer if the return from water sales 
will not justify additional investment in 
plant or distribution facilities 

Water systems which cannot stand this 
load imposition must work out the problem 
through local channels. Some cities have 
been torced to invoke restrictive ordinances 
to prohibit the indiscriminate wasting of 
water. All ordinances of this nature should 
be flexible enough to prevent undue hardship. 
Some thought should be given to the possi- 
bility of instituting demand charges to com- 
pensate for the standby facilities when no 
water is being used. 
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DISTINGUISHING 
CHARACTERISTICS 


EQUIPMENT 


PRE-SEDIMENTATION 


Raking mechanism for circular 
tank, designed to collect and 
concentrate settled material to 


a central discharge cone 


High-speed, motor-driven mix 
ing unit equipped with turbine 
type impeller for intense mix 
ing in few seconds 


Motor-driven revolving paddle 
wheel elements set in rectangu 
lar basin. Gentle mixing causes 
build-up of uniform flocs of 
excellent characteristics 


From 0.1 MGD up. 
Bulletin No. 6971 


CLARIFICATION 


Both centershalt and center 
pier Dorr Clarifiers equipped 
with rotating raking arms for 
round or square tanks. Dorreo 
Monorake is a balanced raking 
mechanism for use in rectangu } 
lar tanks 


Bulletin Nos. 6191 
and 6001 


APPLICATION 


> > . 


Particularly adaptable where 
turbidity exceeds 1,000 ppm 
in chemical 


Use results say 
ings and 


secondary basins 


reduced on 


Whenever complete diffusion 
of chemicals through 
water is desired instantane 
ously to avoid floc formation 


raw 


in mixing chamber proper 


Whenever finely-divided 
semi-colloidal solids are pres 
the use of 
will in 


of 


ent in raw water 
Dorreo Flocculators 
crease plant capacity and re 
duce chemical consumption 


Continuous removal of set 
tled solids from clarified raw 
or industrial 


water, sewage 


waste 








EQUIPMENT DISTINGUISHING 


CHARACTERISTICS 


APPLICATION 








COMBINATION UNITS | - pes 








Complete, self-contained high- 
rate unit providing for floccu- 
lation, thickening, clarification 
and positive sludge removal in 
a single tank. 


See sewage and indust 


Normally 
more Dorr pre-treatment mech- 
inisms each surrounded by an 
annular rapid sand filter. 


consists of two or 


PeriFilter System 
From 0.1 to 5.0 MGD 
per unit, 

Bulletin No. 9042 





ION-EXCHANGE | peccces 








LU ses 
resins for continuous softening. 
Resin is continuously regener- 


base or cation exchange 


ated with brine 


For softening, color or low 
turbidity removal. 


* eee . .' 


rial waste 
> e 


For chemical pretreatment 
followed by sand filtration to 
remove turbidity, color and 


hardness 


For softening comparatively 
clear water to make it satis- 
factory for usual domestic 
needs 





SEWAGE AND INDUSTRIAL WASTE TREATMENT 





SCREENING AND GRINDING 











Mechanically operated auto- 
matically activated unit con- 
sisting essentially of bar racks 
cleaned by motor-driven rake. 


Motor-driven, heavy duty 
screenings macerator. Consists 
of low-head pump with fixed 
and rotating cutting blades 
arranged in front of a per- 
forated screenings plate. 


Dorrco Sulzer 
Disintegrator 


60 cu. ft. of sereen- 
ings per hour. 


Bulletin No, 6400 





GRIT REMOVAL Terrre 








Dorr Detritor* 


From 0.25 to 140 
MGD per unit. 


Bulletin No, 6411 


Continuous, mechanically oper- 
ated grit chamber consisting of 
separate grit collecting and grit 
removal and washing mechan- 
ism 





CLARIFICATION | ,oeeewe 








Every sewage and industrial 
waste treatment plant where 
removal of sticks, rags and 
other large solids is required. 


For the maceration of sewage 
screenings. Especially adapt- 
able in combination with 
Dorrco Bar Screen. 


For the removal of grit of 
65 mesh or coarser from raw 
sewage or industrial waste 





See water purification. 





DISTINGUISHING 
CHARACTERISTICS 


EQUIPMENT 


APPLICATION 








TRICKLING FILTRATION | coe 








Iwo or four-arm rotary, self- 
propelled unit for even dis 
tribution of liquid wastes over 
filter bed 


From 0.1 to 27 MGD 
per unit. 


Bulletin No. 6300 


| SLUDGE DIGESTION | ++ >>> 








Incorporates Densludge Proe- 


i bed bel I 
ess (deseribec relow!) with 
Digestion System integrated digestion control 


Combines Grit system which reduces capacity 
Washer, Densludge 

Thickener, Digester 
and Heat 

to meet any 


digestion problem. 
Bulletin No, 6262 


requirements up to 80% over 


conventional methods 





SLUDGE HEATING 











External element for heating 
of sewage sludge. Consists of 
spirals welded 


Spiral Heat 
Exchanger 
ro to 1,530,000 
per hour rated 
capacity per unit. 
Bulletin No. 6281 


two concentric 
together to form alternate hot 
water and sludge liquor pas- 
sageways. 





| SLUDGE THICKENING |. « + « 





Clarification and thickening 
are carried out separately, Dorr 
Densludge Thickener produces 


u sludge with up to 50% less 


Dorrce Densludge 
Process 

For plants treating 
from 0.5 MGD up. 
Bulletin No. 6260 


volume 





FILTRATION 











Low submergence drum type 
continuous vacuum filter avail 
able in a variety of corrosion 
resistant material to meet any 
sludge dewatering problem 


From 65 sq. ft. of 
area in 





| COMBINATION UNITS | ++ = » 





Cylindrical tank with dome 
roof employing principle of 
vacuum flotation. Makes three 
product separation of floatable 


Dorrco Vacuator* 
From 0.5 to 30 MGD 
per unit. . 
Bulletin No. 6301 material,improved efluent and 
a sludge containing apprecia 
ble quantities of grit 





Equally applicable to low or 
high-rate trickling filter treat- 
ment for oxidizing organic 
matter in solutions, 


For digestion of organic solids 
from any primary or second. 
ary treatment flowsheet at 
maximum volume utilization. 


Provides simple, high-effi 
ciency and easily controlled 
means of externally heating 
contents of any digester 


For both activated sludge 
and trickling filter plants to 
increase digester capacity and 
other sludge handling facil 


* ee@ee8e#8e#e#es 


Removes 80% to 45% of the 
water from raw or digested 
sludges produced in any pri- 
mary or secondary treatment 
plant. 


For scum and grit removal 
ahead of primary sedimenta 
tion; for complete primary 
treatment; for sole treatment 


in coastal areas 





EQUIPMENT 


DISTINGUISHING 
CHARACTERISTICS 


APPLICATION 








| COMBINATION UNITS Cont'd. |+ + + « 





Dorrco Clariflocculator 


From 0.1 to 10 MGD 
per unit, 


From 0.1 to 7.5 MGD 
per unit. 


Up to 25 MGD per 
anit. 


Stamford, Conn Barry Place 
New York 16, N.Y 
75 Eighth Street, N. E 
26 Saint Clair Avenue, E 
942 Merchandise Mart 


Seattie 4, Wash 


Atlanta, Ga 


Toronto 5, Ont 
¢ hic ago, il 


99 Park Avenue 


Provides mechanical flocecula- 
tion in inner compartment, clar 
ification and positive sludge re- 
moval in outer annular com 
partment 


Contains cylindrical aeration 
chamber of steel with partially 
closed bottom, concentric with 
Clarifier. Standard sludge rak 
ing mechanism. Air introduced 
by fixed diffuser tubes 


Combination aerator and clari- 
fier with clarification taking 
place in round or square cen- 
tral compartment and aeration 
in outer annular compartment, 


Mechanically 
tory tank combining clarifica- 
tion in top compartment and 
controlled, separate sludge di 
gestion in lower compartment 


equipped two 


The “Duo” units are designed 
for two-stage treatment in a 
single structure. The Duo-Clari- 
fier provides primary and sec 
ondary clarification in one 
tank; the Duo-Filter consists 
of two stages of filters arranged 
concentrically; the Duo-Clari 
gester provides two stages of 
clarification plus separate 
sludge digestion in a single 
structure 


for more detailed information, write, wire or phone 


the nearest of the following offices .. . 


St. Paul 4, Minn 
Denver, Colo 
Dallas 2, Tex 
Los Angeles 14, Calif 
Oakland, Calif 


2705 Smith Tower 


Dorr-Oliver 


INCORPORATED 





For clarifying raw or chem 
ically treated murnic ipal and 
industrial wastes 


For the preaeration of raw 
sewage. Grit or heavy solids 
will not interfere with opera 
tion of unit. 


For the clarification and aera 
tion of sewage or industrial 
wastes in the activated sludge 


process 


Ideal for small sewage or 
industrial waste plants either 
as sole treatment unit or in 
combination with other treat 
ment steps 


Particularly adaptable for 
treatment of domestic sewage 
from small communities and 
isolated establishments with 
contributing populations of 
over 500 and industrial wastes 
requiring biological treat 
ment 


2631 University Avenue 


P. O. Box 4037, South Denver Station 


1330 North Industrial Blvd 
811 West 7th Street 
2900 Glascock St. 


OFFICES, ASSOCIATED COMPANIES OR REPRESENTATIVES IN THE PRINCIPAL CITIES OF THE WORLD 


*TRADEMARK REG. U. S. PAT. OFF. 





VI—SEWAGE WORKS OPERATIONS 


~' WAGE is the used water supply 
WJof a communit It must be dis 
posed ot in some manner Disposal to 
the nearest water course or other body 
of water is the 
that body of 
the sewage without 
then the 


common practice. If 
water cannot assimilate 
a nuisance being 
must be 


sewage 


created, 
treated 


Characteristics of Sewage 


Sewage 15S composed ot 
mately 99.9 per cent water and ap 


hese 


dissolved, 


approxi 


proximately 0.1 per cent solids 
solids exist in three forms; 
colloidal and suspended. The propor 
tions of these forms of solids varies 
depending on the source of the sew 
age, and extent to which sewage mat 
ter has been broken up and dispersed 


during its flow through the sewers 


| hese sewart solids area combina 


organic and inorganic sub 
stances. It is the organic matter which 


is subject to decomposition under the 


tion of 


influence of bacteria and it is this de 
composition which causes a nuisance 
Sewage treatment consists of several 
processes which control the decompo 
sition of organic matter in sewage and 


prevent nuisance 


Since sewage consists Ot wastes 
habitations as 
it is expected that the 
organ will include fats, car 


bohydrates and proteins 


from human well as 
from industt 


matter 


Those solids which can be filtered 
out on an asbestos mat or filter paper 
are termed suspended solids. Some of 
these than 


water, will settle under quiescent (or 


solids, which are heavier 


quiescent) conditions; these 
settleable 
ided 


and cannot be 


almost 
are known as solids. Ex 
finely diy solids which 
settle filtered 
termed colloids ot dispersed 


Matter 


is termed dissol 


tremely 
vill not 
out are 
vhich is in true solution 


ed solids 


solids 


Organic matter in sewage can be 


burned off and when determined in 


that manner is termed, volatile mattet 


residue after burning 1s 


solid 


billions of 


The fixed 


termed, ash. In addition to the 


present, sewage contains 

up part of the 
settleable solids 
attached to 


free floating and are con 


bacteria, which make 
colloidal and nor 

(hese bacteria ma be 
solids or 
tinually at work decomposing the or 


ganic matter present 


material 
grit, 


From the 
classification, 


standpoint of 
sewage contains 


garbage, rags, teces, mate hes, 


and 
are used in the home 


paper , 


various other substances which 
In the average 
community having some industry, 
sewage also contains industrial wastes, 
many of which contain large amounts 
substances 


of organic and inorgank 


Stream Pollution 


Inasmuch as contains Of 
matter, 
decomposition, and since most of this 
there 
exists a demand for oxygen to oxidize 
substance. It is this 


scWwape 


gan undergoing biological 


matter is in a reduced state, 


and stabilize the 


demand for oxygen which leads to 


nuisance conditions 


For many was 
dumped into the nearest water course 


Since natural 


years sewage 
or other body of water 

small 
decomposition of 
with oxidation of the 
Thus the 


a Capacity 


waters contain a amount of 


oxygen, sewage 
could yo on 
matter 


organ present 


stream was said to have 
for “self purification.” When organi 
matter, in excess of that 
added to the 


sults : the 


capacity” 1s 
nuisance re 
foul 


stream a 


stream becomes 


Solids settle out in sludge banks 
and decompose producing gases and 
odors. When the oxygen of the stream 
is used up, anaerobic bacteria fluorish 
and reduced organic compounds and 
sulfides are produced. The stream be 
comes black in color and foul in odor 
Fish die from lack of oxygen. Gradu 
matter 


stream 


ally, as the organ is decom 
while the 
oxygen is taken up (reaeration) and 
returns 
rom this situation 


self puri 


posed moves on, 


the stream eventually to its 
original condition 
arose the much overworked 
hieation” of streams 


Collection 
Water 


under pressure but sewage is collected 


is transported to consumers 


in a network of sewers and trans 


ported 
central 


by gravity to 


for disposal or treat 


usually ome 
pom 
ment 

The sewer system is composed of 
laterals which discharge into a branch 
mto 


sewer which in turn discharges 


a main sometimes called a 
Sewer An 


receives the dry 


SewerT, 
trunk intercepting sew 


weather flow of a 


number of trunk sewers and carries 
it to a treatment works or outtall into 
When both sanitary 
sewage and storm water enters a sewer 


system it is known as a combined sys 


a body of water 


tem. In modern practice separate storm 
water sewers are used to keep the 
street wash and runoff out of the sew 
age treatment plant 


When sewers must be located at ele 
vations which will not allow 
flow to the treatment plant or outfall, 
then the sewage must be pumped. This 
is done at lift stations which take sew 
age from the low elevation and dis 
charge it to a higher level from which 
it can flow by gravity to its ultimate 


pravity 


disposal 


Treatment 
treated to eliminate ot 


nuisance 


sewage 158 
reduce its characteristics 
lreatment may consist of the removal 
of suspended matter, the oxidation of 
organic colloids, and the killing of 
harmless bacteria. The choice of pro 
esses used for treatment depends pri 
marily on the extent of treatment 


necessary 


Primary treatment is the term ap 
plied to operations by which suspended 
solids are removed. These operatior 
include the removal of grit, screening 
settleable 


times as an aid to primary treatment, 


and oryvanie solids one 


chemical precipitation, floceulation 


aeration and vacuum flotation are 


used 


Secondary treatment involve the 
functioning of aerobic bacteria which 
precipitate and oxidize colloidal and 
matter. (JIxnygen ot 
which 
may be carried on in two wa ew 
be allowed to trick! 


dissolved organ 
the air is essential to this proces 
aye may e over ¢ 
posed surfaces of rock on which the 
OTganisms grow Or alr ma be blown 
through the which flocs of 


hiological develop 


ewage in 
organism and 
The first proce I 
trickling filter, the 
termed the activated sludge 
\ids to these 
preaeration, roughing filters and chlo 


yrow carried on 


in a ser ond ] 
procs 
mclude 


two processe 


rination. The activated sludge proce 


has several variations 


see ondar y 


\nother 
ess 1 


treatment pro 
termed contact aeration. In thi 


proces sewave 1s passed over or b 


urfaces on which organisms grow 
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iriation of thi 


contact bed in whicl 


tone are alternately 


il d c mptied to a 


contact with the 


on the 


tone 


pri nary 


I umibe rs 


of chlorine 
luce the « 
Viuch 
imply used up in 


ranic and morgan 


ired 


the ewaye a mall per 


chlorine is used in ae 
the bacteria. Generall 
teri 
1 100 
intectior hould 


the bacterial 


ittempt 1S mace to 


e (that is to obtain 
wut di 
recluce 


which suit the re 


iter 


been used in 
it the use of chlorine 
ire 
tin 


conditions are 


pecial cle we l 
point of addition 
d other 


cisintectior 


rovest 
\\ hat 
are removed 


} 
ull 


problem im 


to do with 


Stance 
nuisance 


cinder 


termed 


itteT uch 
generall 


our 


Chis 


will ettle 


reduced 
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d al d dis 
some 


out 


rit can then be remove 


posed ota fill | 
organ 


with the grit 


1 
niortunately 


matter may also settle 


(;reases usually are removed as 


‘ ' ‘ 1 
kKimmings m sedimentation tanks 


where the organic matter settles out 
The former may be burned or added 
to the which settle 
are discharged to a process for further 


treatment and disposal 


solids, out, as they 


Solids which are 
treatment are termed raw 
sludge solids hlters 
are termed humus, and solids from the 


removed in pri 
mary 
from trickling 


activated sludge ss is called ac- 


tivated 


proce 


Digestion, Dewatering and Drying 


sludge of any kind including 


pre ASCS 
in the absence of ait 


can be decomposed in tanks 
It cannot be dis 
posed of on the ground because it will 


decompose and cause a nuisance. It 


can be decomposed in lagoons or 


barged to sea lor disposal 


treatment is di 


gestion in closed, heated 
the sludge is kept for 
a month, during 
carbon dioxide 
off and the sludge decreases in volume 
When digestion is 


removed for 


Che most common 
tanks where 
a period of a 
week to which time 
and methane are given 
and com 


plete the sludge can be 


disposal by dewatering and drying 
on sand beds or by chemical coagula 
tion and dewatering on vacuum filters 
followed b 


a turnace 


drying or incineration in 


Maintenance 

One of the big problems in opera 
works is maintenance, 
both the 
treatment 


tion Ol seware 


including maintenance of 


sewer system and the 


Solids both organk and 
tend to 
particularly if 
grade. This is 
part le which 
through 


norgank 


settle or strand in sewers, 
constructed on a flat 
true of erit 


house sewers 


especiall 
entet 
wa hing oT vegetables, et 


tems, grit, sand 


In combined sewer 


and cinders from street flushing add 
to the 


ers tree 


problem ot stoppage ot sew 


roots also cause 


ewer stop 
page 
, 
()rdinances to kee p 


out of 


vrease and other 


undesirable wastes sewers, 18 


one method of reducn go sewer clean 


Method f 


meclude revuilatl 


ny problems 
stoppages 
cleaning with rods, drag lines 
other growth is 
minimzed by adding copper sulfate 


removing 
flushing, 
buckets, 


and devices. Root 


at the upper end of a sewer 


Maintenance of treatment works 


facilities includes proper lubrication 


m schedule of all mechanical equip 
ment, painting of building, protection 
humidity, removal 
s¢ hed 


against excessive 
of grease from tanks, etc., a 
uled inspection, repair and replace- 
ment program for all moving equip 
ment. General cleanliness of all 
operating areas is an essential part of 
maintenance 


Laboratory Control 

In the operation of sewage treat- 
ment plants, laboratory control is an 
essential function. The size of the 
laboratory and the number of tests 
performed depend on the capacity of 
the plant and the extent of treatment 
operations the 
treatment is to remove nuisance caus 
tests, 


Sines purpose of 
which measure 
these and determine the 
extent of removal, should be included 


ing substances, 


substances 


in the laboratory operations 


lests for solids removal include the 
simple volumetric Imhoff test, 
suspended solids by Gooch filtration, 
weight, and total 


cone 


settleable solids by 
solids by evaporation (especially on 
sludge). Oxygen demand is deter 
mined by the 5-day B.O.D. test ; chlo 
rine requirements by the chlorine de 
mand test. Other which may 
be made, include nitrogen in its vari 
ous forms, alkalinity, bacteria, espe 
cially the most probable number of 
coliform organisms. Sludge digestion, 


tests, 


dewatering and incineration require 
tests of volatile matter in sludge, gas 
analysis, volatile acid determinations, 
requirement, and 
moisture content: The more complete 
the laboratory program, the better 
plant control possible 


dosage 


coagulant 


Miscellaneous Problems 


There are other problems in sewage 
works besides maintenance, operation 
and repairs 
alert to maintaining good public rela 
tions. This involves keeping the sew 
age plant attractive and free from 
odors, keeping flooded basements at 


Management must be 


a minimum, keeping salaries of em 
ployees at the highest possible level, 
publicizing the work of the 
treatment plant through newspapers, 
and talks to 


pon «l 


magazine articles local 


service clubs 


In some cities the problem of in 
dustrial wastes loom large. Not only 
do industrial wastes present problems 
of operation but they present prob 
Financ 
sewers 


lems of charges for handling 
ing of treatment and 
likewise presents problems to manage 
Both of these subjects are dis- 


The 


works 


ment 
cussed elsewhere in this issue of 
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The Equitable Use of Streams” 


by SETH G. HESS 


Director and Chief Engr., Interstate Sanitation Comm., New York, N.Y 


A AN INTRODUCTION to this 
paper it Is desirable to establish 
its ultimate purpose. A rational meth 
od is developed for allocating the 
capacity Of a 
Engi 
neering judgment to determine the de 
required cannot, 


absorptive 
stream to assimilate pollution 


power! or 


gree of treatment 
however, be relegated toa secondary 
position. This thesis is offered, not as 
the ultimate method, 


basis of discussion 


but rather as the 


Philosophy of Stream Control 


Those working in the field of pol 
lution control are approaching una 
recognition that streams 
used for 
quite generally ac 


nimity in a 
and waterways are 
purposes. It is 
cepted that all 
their 


many 
streams cannot be 
state of 
generally 


maintained in 
purity, and it is 
accepted that it is improper to permit 


pristine 


likewise 


the degradation of a stream to a point 


quality standards consistent 


with the expected use of 


below 
the stream 
attained within 


that can he reason 


ible economic limits 


Uses of Streams 


Lhe purposes fot which streams 


used have been well de 
\mong the 


included the 


may be 
uses Of a body 


follow 


veloped 
of water may be 
ing 

1. Potable 
uses 
\ source of protein food 


and do 


supply 


water 
mest 
) 


Nannie 
ish and shellfish 
Shipping 
\quatic recreation 
\W\ ildlife 
Water for agriculture and ani 
Raw material for industry 
Power 
9. Other 
cooling and condenser water 
10. Fire protection, street flushing, 


industrial uses, such as 


and other municipal uses 
ll. Receipt of drainage water from 
swamps or other flooded lands 
12. Carriage of wastes 
It is there fore, 


streams are 


that 
purposes 


recognized, 


used for man 


Reprinted from Sewage and Industrial 
Wastes, Vol. 26, p. 83, by f 


FS&IWA 


permission of 


and presently it is quite generally ac 
cepted that one of the proper uses tor 
a stream or waterway 1s to Carry away 
The 
pear incompatible ; 
known from experience that a stream 
many pur 


first glance ap 
however, it 1s 


wastes uses at 


may indeed be used for 
poses providing there is judicial con 
trol and a recognition of the funda 
mentals of the Golden Rule. What, 
therefore, is the principle upon which 
one allocates rights and establishes 
obligations so that the most effective 


use of the stream may be obtained 


Stream Classification 


Clear differentiation should be 


between stream classification 
standards. By 


an enunciation of the 


made 
and stream 
tion 1s meant 
use that is expected to be made of 


classifica 


the stream or a portion ol the stream 
Emphasis, for a moment, should be 


placed on the word ‘expected,”’ If 


streams are classified on the 
thei it could hardily be 


expected to improve stream condi 


basis of 


pre sent use, 


tions. Obviously, a great deal of judg 


ment must be exercised in determin 
ing the expected use. It is customary, 
however, to hold public hearings be 

fore a stream is classified, thereby 
giving ample opportunity for all to be 
heard and to express their opinions 
concerning the reasonable use that is 
expected to be made of the stream 
following any reasonable exercise of 
control of pollution. Perhaps it might 
be preferable to use the term “de 
xpected” use 


othe 


sired” rather than “‘e 

Stream standards, on the 
hand, refer to the quality standards 
which the waters of the stream must 
attain in order to sustain the purpose 
for which the stream is classified 
Standards are, 


chemi al, bac teriologi al, 


in general, physical, 
biochemical 
or other means of measuring the 
stream quality 

There 


water pollution control which deal 


are additional criteria for 


with the quality of the wastes to he 
discharged from a given plant, usually 
termed effluent standards. The efflu 
ent standards are exemplified by the 
standards of the State of Pennsy!l 
vania, of the Interstate Commission 
on the Delaware River Basin, of the 
Interstate Sanitation Commission, and 


others 
Effluent 
some advoc ates, 


standards, which have 
have the advantage 
definitiveness In 


are well adapted ; 


of simplicity and 


some areas they 
however, water quality standards are 
being generally adopted at the present 


time 


Stream Standards 


Some of the established 
standards are based on an effect or a 


watel 


potential effect, such as the Florida 
State Sanitary Code, which declares 
a menace to health is created “when 
acids, alkalis, or other chemicals or 
deleterious substances are discharged 
into waters so as to interfere with the 
biochemical functioning of the stream 
or waters, or where such wastes kill 
or interfere with the normal develop 
fish or other foods derived 
from waters.” The Indiana Stream 
Pollution Control Board Regulation 
“Floating material including 
grease and oil shall not be discharged 


ment of 


States 


into any surface water in deleteriou 


amounts or in amounts sufficient to 
affect injuriously fish life, fur-bearing 
or domestic animals, or the general 
biology of the water, or plant life in 
or in the vicinity of such water.”’ On 
hand, the tentative 
classification standards of the 


of Maine provide definite numerical 


the other water 


tate 


limits for dissolved oxygen, bio 
chemical oxygen demand, pH, and # 
coli, The Maryland Water Pollution 
Control addition to 
the aforementioned criteria, has added 
numerical limits for fluorides, chlo 
phenolic compeunds, iron and 
manganese, color and turbidity. The 
New York State Water Pollutior 
Control Board, in addition to 
lumits for 


Commission, m 


rick 


ome ot 
the above, has numerical 
ammonia and ammoninum com 
ferro- of 
and 

lhese are but a few example 


pounds, cyanide, ferricy 


anide, copper, zinc, cadmium 


What Next? 
Here a break 


tion and the reader is asked to receive 


is made with tradi 
the remainder of these remarks with 
lo recapitulate: Pres 


use to 


an open mind 


ent practice determines the 


which a stream is expected to be put, 


and as a result of that, indicates a 
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a part o Tor 


poiled ‘) 
hed standard 


future 


‘ 


not ¢ 
to cone 
that 


Ca onable 


ripat 


vnstream 
reasonable 

urists and it has 
veen the concept ot 
change in either 
to the other ex 
that wast from 
dust uch as the 
‘ennsylvamia or in 
I whicl no reason 


treatment have been 
lj charged into the 
oft the damage to 


the downstream 


Total Assimilating Capacity 
entire assim 


of a stream has 


llocation of the 
heen 
nder such i proposal the 
ipacity of the stream 1s 
h new contributor ts 
the pollution load 
1955 
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been re 
with its 
requiring an 


iuthorities have 
iccept this thesis 


sibilit ot 


Regulator 
Jue tant to 


consequent pos 
increased degree of treatment from 


plants on recent] placed In opera 


tion 


ich includes the 
ql 


River regulation, wl 


regulation and control of stream flow 
been effective 
Maine 


appears that the 
must not 


i well i pollution, ha 
m the Androscoggin Rivet 


lo he sful it 


regulator authority 


ucce 
only 


outstanding technical compe 


pe ( 


tence and integrity, but also must en 


ov he respect and confidence of 


everyone on the river basin, Under 


uch conditions it may be possible to 
ise practically all of the assimilating 


capacity of the stream with little or no 


reserve for contingencies or for new 
ource ot pollution 

lhe water pollution control author 
ithe often determine, on the basis of 
their best judgment, the reasonable 


ymount of the tream capacity te 
allocated 


Should an 


iccept pol ution that shall he 
to | particular contributor 
upstream contributor be permitted to 


tream capacity to accept 


estab 


reduce the 
pollution to the 
lished 

violated 


down trean 


toa pom} Clos 
tandard, the law may not be 

however, the immediate 
contributor is deprived 
ame rights as | 
result, thé 


of the upstream 


neighbor \ " upstream 


contributor may be required to afford 
whereas his 


afford a 


little or no treatment, 
downstream neighbor must 
high degree because the stream has 


no turther to iccept any 


( stab 


capacity 
t violating the 
Che control authority 
und indi 
that 


and 


waste without 

ished standard 

frequently uses its judgment 
, 


ites the degree ot 


treatment 
hould be given to be equitable, 
further contributors 


vet to come some part of the stream’s 


to reserve ror 


to carry away wastes 


authority 


( ipacity 
lhe control 
wish to provide a factor of safety for 


will usually 


unexpecte d pe ak loads, or, 
droughts. The ap 


unknown 
perhaps, unusual 
proving agency, therefore, must use 
considerable engineering judgment to 
determine the adequacy of the facil 
iti proposed 

Some of the factors which go into 
the safety margin are as follows 
1. The critical stream flow 
2. The unexpected peak contribu 
trons 

3. A 


future 


reserve assimilating capacity 


contributors 


Factors of Safety 


of the three 
stream 


first 
the critical 


Consider the 
namely 
flow. There is hardly justification for 
considering the worst conditions that 


items 


ever occur rhis is recognized as a 
subject which has long been within 
the purview of pollution control au 
thorities. Frequency of both mini 
mum and flood flows has been used 
aS an argument in engineering 
projects. When considering the 
amount of dilution required or the 
will 


many 


speed with which the stream 


carry biochemical oxygen demand to 


a critical is recognized that 
these can be computed on the basis 
of how frequently one is willing to 


conditions 


area, it 


accept unsatistactory 

Is it now that 
design should be for conditions which 
1,000 
years’ Just as when storm drains are 
designed with a knowledge that they 
may be surcharged periodically, engi 


unrealistic to say 


may occur only once in 500 or 


neering judgment is used to provide 
that a 
area 15 


sparsely developed residential 
designed for an occasional 


frequency of 


surcharge, whereas the 
surcharge in the dense developed 
business and warehouse 
damaged stock 
other potential losses warrants design 
for but Can 
the dilution 


the same manner 


areas where 


stored im cellars or 
infrequent surcharge 
factor be ipproached in 
and, after study of 


flow characteristics, the 


the stream 
frequency be determined of violation 


of acceptable dilution or nuisance 
hese factors can be reduced to num 
bers and a plea is made for the full 
use of all of the known 
which to base engineering judgment 

It will be well to evaluate the dam 
periods If a 
| stream is being 


tools on 


we im these critica 
highly industrialize 
considered in an area used exclusively 
for industry, might it not be possible 
condition of zero dis 
that 
say, for example 


questionably will object to 


to accept a 


solved oxygen might occur on 


occasion once in 
conservationists un 


a fish kill 


even once in 20 years; however, con 


20 years 


sideration must be given to a balance 
of economics on the one hand and the 
benefits derived on the other. If de 
signs are made on the basis of the 
worst conditions that may occur once 
in 100 or 500 vears. the public as a 
whole may be committed to imprac 
tical expenditures 

The second item is extremely diffi 
cult to evaluate. The character of the 
potential pollutant and the resultant 
economic loss when an unexpected 
peak load occurs, must be weighed 
Phe possibility of placing the respon 
sibility for damages should 
considered 

Referring to the third item: 
namely, the reserve capacity for 
future contributors. This has been 
one of the most difficult factors to 
establish. However, the time is ap- 


also he 





proaching factor can be 
manner 

that the full 
cannot properly 


attacked l i ational 
Many ‘ CONN 


capacity OF ¢ ream 


inced 


contributor 


contributors lhe first 


single 


be usurped any 


or group ot 


considet ition will he to make sor 


reasonable determination of the pet 


stream s capacity to 
articular type of pol ul 
ild he 


ndoubte ily the 


reserved ror 
contributor . 4 


ype ot stream, the \ l elop 


nent along the stream, uses to 


put the 


of development the proximity 


xpectation ror 


confluence of othet 
determination 


i stream’s abilit 


ence the 
hould he res 


Reserve for Future Pollution 


No suggestion is made as 


re 
. 


numerical amount of the stream 
pollution that 
reserved tor tuture 


teel that 40 per cent 


pacity to assimilate 


shal he 


con 


Sore 


tributors 
ir too high ind 


hould be only 20 o1 


1} is 


cons cle rable 


that the re 


10 of 


eTve 
5 per cent 
1 determination that 
study of 


For the 


requires 
the tactors just 
erated moment, how 
assumed for the sake 
that 40 per 


Capacity to 


t it be 

ssertatior cent 
ream s issimulate 
oxygen de 


future 
will be 


ot pollut on Sa\ 
] reserved for 
() per cent 


present contributors 
| that the 
install treat 


that his 


suggeste next con 


tributor hye required to 


nt works of such nature 
vill draw upon the reserve ca 
to the extent of OO per 

unt of the 


namely Oo per 


reserve 


cent 


or 24 pet 
apacity to assimilate 
discharge, leaving 
ilable to 


10 — 24 pet 


nt of the original capacity 


future ce 


cent, of 


would have i 


contributor 


al OO per cent ot the 


I 
r cent. or VO per 


remaining 
cent, leaving 
a halance f 64 p cent to future 


contripu 


[his is recognizable, of course, as 
the familiar law of reactions that are 
directly proportional to the amount 
of primary material involved. In the 
held of physics, this first-order re 
action or logarithmic progress 1s evi 
dent in the decay of radioactive 
materials, In the field of 
control, it is recognized as the form 


pollution 


Law on the rate of Ino 


Lhis 


ot Phelps 


chemical oxidation first-order 


reaction is evident to all in pollution 
encountered tre 


control work and is 


quently 

his first step leaves an apparent 
adjust 
locating on 
have 


at their disposal 


i! equality, which 


ment Lhe 


re quire . 
contributors 


later date 


the stream at a may 
less stream capacity 
It is suggested that the approvals or 
permits be issued tor a period ot time 
equal to the useful life of the in 
tallation, in addition to the 
limitations of quantity or quality ot 
the effluent. No better 


of fixing the useful life than by using 


usual 


way 1s known 
the period during which its cost is to 


be amortized. The bonds on muni 
ipal treatment works are issued for a 
period oT! 20 or 8) years depending 


upon the state laws, whereas indus 
trial installations are governed by the 
amortization rate allowed by th 
Revenue for in 
Ihree bills 


recently been introduced in the House 
of Representatives to encourage the 


Bureau of Internal 


come tax have 


purpose 5 


prevention of water pollution by al 


lowing amounts paid tor imdustrial 


waste treatment works to be amor 


accelerated rate for in 


kach of these 


tized at an 
come tax purposes 
bills permits amortization over a pe 
riod of 6O months or 5 years. It 
hould not be difficult to establish the 
reasonable useful life of a 
At the « xpiration of the per 
contributor 


treatment 
pliant 
mit or approval, the 


( alled 


idditions or modifications in 


would be upon to make suc 

its treat 
ment plant as will restore the stream 
to the standard of purity first estab 
lished, which in this hypothetical case 
was 00 per cent of the tream ca 


assimilate a particular type 


pactly to 
of pollut int 
By this 


posing to establish a plant on a par 


method, an industry pro 


ticular stream would have foreknow]l 


R-22 


edge of the requirements both present 
and future. It would have knowledge 
that it prepared to install 
additions, if pre 
time. Thus, there would 


must be 
necessary, at a 
established 
be a rotating procedure that would 
assure the maintenance of a reason 
able water quality irrespective of the 
number of contributors, always mak 


Ing allowance tor and providing 


reasonable assimilating capacity for 


and tor a satety 


balance of the 


new industries 


lactor Lhe econom« 


cost of high degree of treatment 
will function to prevent over-develop 


ment of a stream 


Economic Balance of Cost 


I he percentage of the available ca 


pacity Of a stream to be initially 
allocated to ¢ 


establishe a 


Listing contributors 


sort of parity to be 


maintained tollowing the expiration 


of each permit, It will require sound 


judgment in the estab 
this 
It may be possible 
study, and 


permit 


enginecring 
lishment ot percentage or sO 
that 


new sci 


called parity 
future thought, 
data will 


percentage by some 


entiti fixing thi 


rational method 


| here need not be any deterrent, 


however, to accepting this method 
because it demands engineering judg 

part than on the 
phere ot 


the problem L hie 


ment on the rather 
larger 
adoption of this principle would more 
definitely place contributors on notice 
regarding the possible need of modi 
thei 
their 


heatior and improvements to 


plant it the expiration of 
pernut 
whether 


lhis method may be used 


the standards fix water qualiti or 
establish quantitative limits; for, not 
withstanding the fact that 
tandard is established 


must within the 


only al 
qualitative 
the approving agency 


conhine ot its own department have 


some idea of the limit 


quantitative 


nece al to meet the qualitative 


tandards to determine the accept 


proposed 


ability of the applicant 
work ; 
held of 


alertne 


treatment 
n the pollution control 
there must he to improved 


methods of analyzing the problem 


R&D 


W.&5S.W. 1955 


REFERENCE & DATA 





Rate Formulas for Industrial Wastes 


Methods of charging for industrial wastes in municipal sewage systems 


O! METHOD of abating stream 
poulutior by 


industrial wastes 1 


‘ the wastes to city sewers 


large 
treatment and disposal with do 
ewagt The raises 
damental questions: 1. What 
effect industrial 
operation of a 
plant ? 


pra tice 


will 
e on the 
ewage treatment 
an industry be charged 
itment of wastes dis 


i city sewer system 


ind more industries are 


e municipal disposal 
st problem becomes 
Chis 
which showed that 
OOO re 


experience 


fact was indi 
of about 
states 
y industrial wastes 
age treatment works 
problem (that of 
ittacked in 
ill of 
formulas 


been tour 


which can be 
which are 


article 


Theory of Sewage Services Charges 


rvice charges some 


misnamed Ssewel 
effect in 
the municipalities of this 
th populations over 5000* 
theory 
have the 
should 
rela 
Applica 


industrial 


re now in one 


ges are based on the 
who use ofr 
treatment 
that 


benefits enjoyed 


cwaye 
tor service mm 
theory to 
inple 
iunicipalities favor charg 
for 
not the 


scwagre service 
uses the 
that a 
should 


industries as 


industry 
feel 


charge 


tem*. Others 


basis tor 


hed, Some 
it the municipal taxes which 
should 
the cost of 


this 


iS property owners 


fair share of 


il. In many cases, 


issumption simply is not so 


Lhe 


lem of 


sensible approach to the prob 


payment is to take into a 
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matters of usage and of 
benefit received. On the basis of vol 
ume alone, many industries use the 
sewerage system out of proportion to 
their valuation, but this is 
not the only consideration involved 
The strength and nature of the waste 
must be taken into account. Table 1 
shows the wide variation in industrial 


count the 


assessed 


wast 


age 


Many industries discharge wastes 
that are difficult to treat, and a muni 
cipality must provide special treat 
ment would be 
Since 


as compared to domestic sew 


over and above what 
required for domesti 
industrial generally are 


stronger per unit volume than domes 


sewage. 
wastes 


tic wastes, the logic of special charges 
is apparent For these reasons, a rate 
should be which 
measures the use and benefit derived 
and which 


system established 


Irom a sewer system 


( harges accordingly® 


Perhaps a less obvious reason for 
establishing an equitable rate is to 
promote good cooperation between 
industry and municipality. Exorbi 
tant rates to an industry will result 
in non-cooperation on the part of in 
dustry ; non cooperation may take the 
form of false analysis of waste, fail 
ure to ease the burden on the system, 
and failure to notify the city when 
unusual conditions requiring 
special steps at the treatment works® 


occur! 


What should 


cover and how should they 


these special rates 
be deter 
Most authors agree that such 
should operational 
costs, maintenance, and replacements ; 
favor the inclusion of fixed 
debt service costs, as well. There are 
four general methods of determining 
special charges for industrial wastes 
and each of these can be reduced to 
a formula the “Flat Rate 
Formula,” the “Quality-Quantity 
Formula,” the “California Formula,” 
and the “Joint Committee Formula.” 


mined 
charges 


covert 


others 


| hese are 


Flat Rate Formula 


The Flat Rate Formula is based on 


some cost per unit; i.e., unit of pro- 
duction, floor space, volume of waste, 
water used, time, or type of industry. 
The general Flat Rate Formula ts: 


D (R) CN) 


Where D = Charge in Dollars 
R Rate per Unit 
N Number of Units 


(Eq. 1) 


Examples of the Flat Rate For 


mula are: 


Renton, Wash 100 workers, $2.50 
per mo 

Kennewick, Wash.— 
essing plants and 
$20.00 per mo 

Clarkson, Wash.— Industrial 
types, $3.00-5.00 per mo 

Chelalis, Wash.—Industrial plants, all types, 
50% of water bill ($1.35 per month min.) 

Detroit, Mich.*—Industrial plants, all ty 
$0.25 per 1,000 cu. ft. per mo 


per 


anneries, tood 
grape juice 


proc- 
plants, 


plants, all 


pes, 


There several advantages to 
using this type of charge. It has the 
longest precedent and may be more 
acceptable than any other to the par 
ties concerned. It is easy to calculate 
and apply. A small city with only one 
or two industrial plants would find it 
unprofitable to conduct an extensive 
survey of industrial washes in order 
to establish a complex set of rates 
that would require frequent 
pling. They have neither the staff nor 
the equipment to manage such a 
method. It is more feasible to deter- 
mine to which unit the waste is pro 
portional and charge accordingly 


are 


sam 


Once the flat rate charge has been 
established there is no complex book 
keeping, no expensive sampling; the 
industry reports the necessary infor 
mation (number of units, etc the 
charge is computed, and a bill is 
rendered 


The Flat Rate Formula is gener- 
ally used in the small municipality 
where simplicity is the keynote. Since 
the flat rate charge is an approxima 
tion, at best, it is simplicity at the 
expense of accuracy. It neglects the 
nature of the waste. Flat rates are 
frequently based on volume, but vol- 
ume alone does not measure the full 





I obtained by the in 


Syracuse, 


enent 

For example, in 
one industry has a waste with 
B.O.D of 1,000,000 ppm 
industry could contribute a 
but a 

plant 


use and 
dustry 
N. ¥ 
a 5-day 
That one 
heavy load on 
Volume 
the 
and 
and 


small volume 
the treatment 
B.O.D ikewise 
plete 


Suspended 


and 


are not com 


measure of benefit use 


solids content some 
times chlorine demand also must be 


taken into account 


Quality-Quantity Formula 


In an attempt to obtain a more ap 
propriate basis of charge, several 
large cities have turned to another 
method of computing rates, one that 
takes into account both concentration 
This is the 


abbrevi 


and volume of waste. 
Formula, 
ated the Q-Q Formula 
The Q-QO Formula charge is applied 
higher in concentration (or 
volume) than that considered as nor 
mal for the municipality—on the 


theory that these impose op 


Quality-Quantity 


nereatter as 


vastes 


wastes 
In greate! than 
| by taxes or flat rates 

h municipality desiring to 
()-O Formula must develop its 
all ()-O 


basi 


rating costs will be 


use 
aA 
Formulas stem 


which as 


own, but 


from the equation, 


estate taxes and/or 


tor 


sumes that real 


rate charges pay fixed costs 


and for operation costs to treat a 


normal ste. The general O-O For 
be “Sd 


mula 


kk (1 q. 2 


Charge in dollars at end of 


billing period 

Volume of waste discharged 
during billing period, ex 
pressed in units of 1000 gal 
1000 cu ft 
lollars per unit vol 


mil gal, et 
Rate if 
’ 


mased on constituent 


centration 
ffaP » 


bP.(O 


nstituent 
onvert ppm to lb 
unit volume 
factors ranging from 0.0 te 
1.0 depending on 


itions 


local cor 
and percentage ol 
nstituent excess, above a 
tandard, for 


is to be 


which charge 
made 
Standard or maximum val 
ues respective ly ot 
pended solids, B.O.D., chlo 
required and other 
nstituents, for which nm 


sus 


rine 


ial charge is to be made 


a flat rate 





TABLE 1 
Comparison of Industrial Waste and Domestic Sewage 


Unit 
of Production 


Industry 
Volume 


Gal 
per Unit 


Per Capita 
Per Day 


Domestic 
Sewage 
1¢ )0 bb! 
Crude Oil 


Oil 
Refining 


Cases 
2 Cans 


Canning 100 


Tomatoes No 


Wool 100 Ib 
of Goods 


Cc 
scouring 


1 Ton of 
Paper 


Paper 
Mill 
Avg. per cap fiow 


2 Avg. per cap B.O.D 


Avg. per cap susp. sol 


Pop. Equiv Ib 
per Unit 


5 Day B.0.D Suspended Solids 


Pop. Equiv Ib 
per Unit” per Unit 


Pop. Equiv. 


per Unit per Unit 





P, P, Operating costs in cents pet 
lb for handling, treating or 
disposing ot respectively, 
suspended solids, B.O.D 
chlorine required, and other 
constituent. Handling, treat 
ing and disposing costs may 
include direct operating 
costs, overhead fixed costs, 
taxes paid by industry, et 
If costs are based on ppm, the 
factor “f” is eliminated. The tactors 
a, b, c, x, will include such consider- 
ations as the amount of constituent 
removed, type of treatment, etc. Fac 
tors P;, Po, Ps, Ps each will include 
considerations of cost of power, 
labor, 
and may 


year as 


chemicals, operation, ove 


head, et« be varied from 


year to operating costs 
change. 

If taxes are assumed to pay for a 
certain allowable quantity of wastes 
and special charges are made only for 
that quantity, 


Formula he 


excess of 
()-() 


volumes in 
then the 


comes 


basi 


D (V; 


where V; Vol. of waste 
V, Vol. allowed without 
charge 


VV.) XR (Eq. 4) 


special 


and 


he values of waste volume 
strength may be determined by test 
and analyses regularly, periodically, 
Phe 


strengths, be 


or trom single observations 
values of “standard” 
low which no special charge is 


be set arbitrarily or 


made 
determined 


he normal 


may 
from average analyses of t 
dry weather flow of domesti 
of the 


ewavt 


community 


The “Buffalo” Formula 


The first Q-Q Formula used 


called the 
formula, was developed by 
1942°, Only 
disinfection 


this country, 
Buttalo” 
and Crane in 
primary treatment and 
are used at the Buffalo sewage treat 
ment plant, and B.O.D 
not important because of the dilution 
provided by the Niagara 
Cherefore, this formula contains only 
the factors of suspended solids and 


generally 


Symons 


removai is 


Rivet 


chlorine required, as follows 


C,) 
5.) ] (Lq. 5) 


Where R Rate of special charge in cents 

1000 cu ft of waste volume 

P, = Contract price of chlorine, 
cents/Ib 
Normal 
demand 


dry weather chlorine 
(ppm) ot raw sewage 
received at treatment works 
(5.6 ppm) 
Cost in cents of chemicals for 
sludge conditioning and of 
power for 
sulting from 1 lb. of suspended 
solid raw 
at treatment works. (This fac 
tor includes consideration of 
suspended solids 
moved. ) 
Normal 
olids of 
ceived at treatment works, (157 
ppm ) 
f and >; are 
basic formula 


solids disposal re 


received in sewage 


actually re 


grit 
raw sewage as re 


free susper ded 


as defined under the 


[he tactor P 
yeal 


lor 


may vary trom year 
according to the 
- and the factor P, 


vary according to the price of 


contract 
price chlorine 
may 
chemicals and power involved in the 
determined 
tor the previous year 
rhe 
established by 


otherwise) to 


di posal of solids, as 


trom operations 


or previous two years values 


C,” and “S;” may be 


analysis (periodic or 


obtain average concentrations to be 
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time. In 
unity, 


length of 

i and . are 
x are zero 

charges 

cents for each ppm of chlorine 

ind 0.00305 

f uspended 

per LOOO cu. ft. of waste pro 


‘ 


amounted to 


pecia 


for each 


content, 


cents 


solids 


the charge was less 
per 1000 cu. ft., it was 


factors as the eftect 


the possible reaction 


il waste with the nor 


were neglected when the 
but since 


derived have 


New Brunswick Usage 
nother application of this Q-Q 
| New Brun 


‘ 


i iat used at 


where 


x 44 (0007 


)} 
Volume in million gallon 
oft suspended solid 
r sludge) 
ppm of chlorine demand 
ent per pound ol solids 
ents per pound of chlorine 
demand 
lars per million gallons 
nvert ppm te lb 


formula reduces 


>) per tor 


100 Ib. of chil 


> per mil gal 
udge-——3) per 


ne demand 


cover only operational 
pre 


tye 


must be 


the industries 
thei 


O pay share of any cost 


, 
t enlargement 


Wright's Formulas 


\ iriation of the general Q-Q 
rmula sets up a basic rate per unit 
K,) and multiplies this rate 


(K) based on constituent 


yun 

i factor 
neentration wherein the constituent 
subscripts 


lie designations, and 


the same as given in Equation 3 


of this 


r S. R 


type were pro 
Wright'', Head 
Department Uni 
In the Wright for 
treatment alone 
based on 
Factors 
formula 
treat 


ngineerinyg 

t Lexa 
primary 
charge is sus 


ls content only: 


in the bas 
are zero, If primary 
and chlorination are used, as 
formula includes sus 


chlorine 


ment 
in Buftalo, the 


pended olids content and 


cdemarn treatment 


B.O.D is 


comple te 


5-day 


1, and if 
a charge tor 


exists 


idded 
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Dr. Wright assumes that only 50 
per cent of the suspended solids con 
tent will be removed in a plant so 
factor “a” in the formula be- 
Chis type of formula ap 
plies for wastes with either excessive 
or deficient suspended 
solids content. 

Dr. Wright arbitrarily the 

standard” constituent 150 
ppm for suspended solids and 200 
ppm for B.O.D., and he gathers cost 
data into a single factor “R,” which 
he terms the ratio of the annual cost 
of treatment to the annual cost of the 
entire system. 

lor primary treatment alone, the 
W right 


basi 


comes 0.5 
amounts ol! 


sets 


values at 


formula becomes 


150) 
| (Eq. 8) 


150 


For complete treatment without 
chlorination, allowing that one-third 
of the B.O.D. is removed by primary 
treatment, Dr. Wright’s formula is 


(Os 150) 
0.5 Ry 
150 


(B.0O.D. — 200) 


(Eq. 9) 
100 


Allegheny County Formula 


\ more complex Q-Q Formula of 
the D \ KR, type is the 
Allegheny County formula'*, The 
County charges a step-wise flat rate 
for all wastes except those which ex 
ceed the arbitrary tandard 
lhe standard waste has a suspended 
solids content of 275 ppm, a 5-day 
R.O.D. of 300 ppm, and a certain 
chlorine demand standard, (undeter 
the time of writing). Re 
an equation the Allegheny 


waste.” 


mined at 
duced to 


formula becomes 


R.{0.75(S . 
25(0, O,)/0, 
iP, (¢ C.)} 


Ratio of Quality ¢ 

Annual Cost 0.15 

Ave suspended solids of ¢ 

sewage (275 ppm) 

Ave. B.O.D. of all sewage 
{ 300 ppm ) 
Ave. chlorine demand of all 
sewage (7?) 

P, = Contract price of 
cents per pour d 

\ll other terms are as defined under 
the general formula 


chlorine in 


Belleville, IIl., Application 


Another Q-Q Formula of the 
1) \ KR, type is that adopted 
by Belleville, Ill.,"* where the prem 
ise 1s that waste production is exactly 
proportional to water usage as long 
as the waste does not exceed 200 ppm 


of B.O.D. In this formula, charges are 
made on a step-wise percentage of the 
water bill, with an extra charge made 
for wastes exceeding 200 ppm B.O.D 
The formula reduces to 


(l j. 11) 


D [1 0.00200 200) TR, 


Charge per 100 cu ft of water 
used 


Basic rate per 100 cu 


where D 


it ot water 
used 
ppm B.O.D. of 


waste 


Additional Q-Q Formulas 


Since these several various applica- 
tions of the Q-Q Formula were first 
summarized and reviewed in WATER 
& Sewace Works in April, 1951" 
some 26 additional communities have 
adopted some form of the Q-Q For- 
mula. They apply this to industrial 
wastes which are higher in quantity 
and in concentration, and which cost 
more to treat than diluted industrial 
wastes which are less costly to treat 
One example is Madison, Wis., where 
users pay 20 to 50 per cent as a sur 
charge above the normal bill if the 
sewage contains a specified degree of 
pollution; the pollution is measured 
in terms of stated chemical and bac 
teriological factors 

The Q-Q Formula method of deter 
mining a sewer service charge will 
give a municipality a fairly accurate 
picture of how much use and benefit 
a particular industry is _ receiving 
from the sewer system and therefore 
what the charge should be 


Advantages and Disadvantages 


Advantages of the Q-Q Formula 


are that once an equitable formula 
for a particular district has been de 
veloped, it is to apply; the 
charge can be computed with reason 
able accuracy for each industry ; and 
its equitable application promotes 
good municipality-industry coopera 
tion. Samples are taken of industrial 
plant effluent, the tests 
run, the formula applied, the charges 
computed, and a bill rendered 

One disadvantage of the Q-Q For 
mula is the problem of developing 
the formula on an equitable basis 
Decisions must be made as follows 

1. What should be the value of the 
factors a, b, c, x? 

2. What strength waste 
taken as a standard: the 
strength at the sewage works, as at 
Buffalo where it includes all indus- 
trial wastes in the sewage plus do- 
mestic the strength 
of domestic sewage alone: ot 
arbitrary strength, as in the Alle 
gheny County equation ? 

3. Should the price of chlorine 


Casy 


necessary 


should be 


average 


wastes ; average 


some 


ind 








other chemicals and other specit 
items be included ? 

4. How often should samples be 
taken ’ 

5. How often should the factors be 
reviewed ? 
These are questions that must be 
answered by the local engineer 

\ second disadvantage is that Q-Q 
Formula applies only to one region 
An equation derived for city 
can not be applied in another, Each 
locality must develop its own equa 
tion, an unfortunate situation since 
many municipalities not 
the talent required to obtain an equit 
able formula 

\ third disadvantage is th 
amount of sampling and testing that 
supply the data 
computation ot 


one 


may have 


large 


he done to 
the 


must 
needed ror 
charge S 

In spite of the disadvantages, the 
()-Q Formula method has its place 
a city that can afford the technicians 
needed for the required sampling and 
testing is likely to have an engineers 
staff that 
amount of data 
formula 


assemble the 
with de 


ing can 
connected 


riving a 


California Formula 


overcome one in 


()-() 


In an eftort to 


herent fault of the Formulas, 


that of being for local application 
the California Works 
Assn recommends that each muni 
cipality Flat Rate and 
Q-Q Formulas and apply the for 
mula most appropriate 

If neither formula 


only Sewage 


examine the 


appli 


suggested 


seems 
cable, two alternatives are 
Either no 
formula can be used that charges for 
the additional 
the industrial waste 


charges are made, or a 


cost of treatment of 
while taking into 
paid. Thus the 
possible ap 


establish 


taxes 


Tour 


account an 
municipality has 


proaches to its 


problem of 
| 


industrial waste rate 
lhe combined consideration of cost 
and of 


ilifornia 


ing a 


of treating the waste taxes 


paid 


mula as 


produces the ( For 


follows 


M 
M 
Extra cost assessed to industry 
All taxes 


exclusive 


paid to municipality 
of industry 

Taxes paid by industry 
{ t perating sewage 
rks. before industry ntrib 


paid by 7 


scewWaue op 


utes waste 
Industry's share of 

sts, without industrial 
added and 


Si/T 


eratior 


wastes paid by t 


| operating sewage works 
id 


lustrial wastes added 


Joint Committee Formula 


A fourth method has been devised 
for the computation of sewage serv- 
ice rates; it is known as the Joint 
Committee Formula, hereafter ab 
breviated as the “J-C Formula.” This 
was developed by a Joint Group of 
24 members, consisting basically of 
committees of the American Society 
of Civil Engineers and of the Sec 
tion of the Municipal Law of the 
American Bar Association, with rep 
resentation of six other organizations 
including the Federation of Sewage 
and Industrial Waste Assns.'*'" 

The basic difference between the 
J-C Formula and other formulas for 
raising annual revenues is that the 
Joint Committee believed it unfair to 
charge only users for the entire cost, 
which is a fundamental tenet of Flat 
Rate, Q-Q, or California formulas 
Che Joint Committee theory is to 
charge some of the costs to non 
users, i.e. property 

To quote from the Committee re 
port, “The needed total annual rev 
enue of a water or sewage works 
shall be contributed by and 
non-users (or by users and prop 
erties) for whose need, and 
benefit the facilities of the works 
were provided, approximately in pro 
portion to the cost of providing the 
the benefits of the works.’ 


users 


use, 


use and 

The charges are computed as fol 
lows: The sewage works system is 
divided into two parts: 1. collection 
system and 2. treatment plant. The 
revenue requirements for these units 
are also divided in two parts: 1. op 
eration, maintenance, and replace 
ment costs, and 2. fixed charges. The 
proportion of these two costs to be 
borne by users and by properties 
must be determined for each part of 
the system (collection and treat 
ment). Surface and subsurface drain 
age is chargeable to property since it 
has no relation to use. Also provision 
for future capacity in any element of 
the system is charged to property 
since the additional capacity is pro 
vided to allow the development of the 
property. This charge will decrease 
and become zero as the design date of 
the structure When the 
total charge to properties has been 
determined, it is possible to derive a 


is reached 


schedule of tax rates based on area 
front footage, or assessed valuation 
that will supply the revenue needed 

Costs chargeable to users for the 
collection system and treatment plant 
are determined from a consideration 
of the design factors of the struc 
tures and equipment used. In short, 
these design factors consider 
much of each structure or equipment 


how 


R-233 


is necessary for treatment of B.O.D., 
suspended solids, or volume. (It is 
assumed that the chlorine demand is 
proportional to the 5-day B.O.D. and 
is not an additional factor. This is 
not necessarily true in all cases. ) 
Che total costs chargeable to users 
for each design factor is determined 
and a rate schedule for that factor 
derived. Thus the user’s charge for 
a particular industry 1s computed on 
the basis of an analysis of the indus 


trial waste 


lo be specific, the method reduces 


to this formula 


D= (Fk 


(1 


vhere D Charge in dollars 

b Total fixed cost of the sewage 
works (collection and treat 
ment) chargeable to property 
divided by the total assessed 
valuation of the municipality 
Total operating, replacement 
and maintenance cost of the 
sewage works chargeable to 
property divided by the total 
assessed valuation of the mu 
micipality 
Assessed 
dustry 
lotal fixed cost of the sewage 
works per unit volume charge 
able to users 
Total operating, replacement 
and maintenance cost of the 
sewage works per unit volume 
chargeable to users 
Volume of waste produced by 
the industry 


valuation of the in 


o consist of the 


[he tactors io 3 hy A 


following elements 


(w) (1) 


(x) (B) (y) (S) (z) (V) 


Assessed valuation of municipality 


{) 


(a) (1) (d) (Va) 


(b) (By) + Ce) CS) 


Assessed valuation of municipality 


I 


(100 (100 z) (Vv) 


w) (1) 
1000 wal 
(100 


waste per year 
lb. B.O.D 


x) (B) 


lb. B.O.D. per year 1000 gal. waste 


( (100 vy) (Sd) 

lb. su p lds per yt 
lb. susp. solid 

1000 gal. of waste ) 
(100 a) (r) (iy) 


(100 d) (V;) 


1000 gal. of waste per year 
( (100 b) (By) lb BOLD 
lb. B.O.D. per year 1000 wal. of waste ) 
(= a) (s) (1,) + (100 c) (Ss) 
lb. of susp. solids per yr 
Ib. of susp. solids 
1000 gal. of waste 
W.&S.W 
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TABLE 2 Note : 


A—Fixed Costs (100 

property) = per cent chargeable to 
Portion Portion Affected Portion users. 

Total Affected by Suspended Affected 

Structure, Equipment or Operation Cost by Volume Solids by 8.0.0 


per cent chargeable to 





To apply the formula, the factors 
w, x, y, z, a, b, c, d, r, and s must 
Dollars Dollars Dollars Dollors be estimated and each item (i.e. 
one eo Eo = perYeor structures, equipment, and opera- 
tions) in the system must be exam- 
ined to decide how much of the fixed, 
50 operating, replacement, and mainte- 
structure 1250 nance costs may be charged against 
Chamber 1,000 volume, B.O.D. loading, and sus- 

3,500 000 pended solids 





ection Systerr 35,000 35,000 
Main Pump Statior 


Equipment | ‘e 1.500 


i 
j 
L 


= 
5,000 


J-C Formula Example 


In the example illustrated in Table 

2 the assessed value of the munici- 

. pality is assumed to be $20,000,000, 

é = aoa ‘ the yearly sewage flow 1,370,000,000 

meg rey gallons (1,370,000 thousand gallons), 

the yearly B.O.D. load 3,874,000 Ib. 

and the yearly suspended solids load 
3,647,000 Ib 


quipment 


Vac. Filters 


1« / / 








The various factors in the formula 
reduce to: 

Estimated t Table z 

W 64 O% $35,000 

x 28.2% 42,250 

Pump Statior ‘ 9,200 31.7% 11.000 





ry ? 
té 


Maintenance Costs 





ection Systerr 3 ) 1.500 


y l 
pat nt j 50 Sor r 75 
; eatmer 3,3 Z 40.59% 21,750 
yecondary Treatment 13,' 3 501 10,00 ; 60 0% > >) 


Effluent Chlorinatior y 700 30.0¢ 17,750 

wudge Dieposs 17,5 17,50 30.0% 31,350 

“ane ~ ce rood | 40.07 1— 19,200 
00 500 1 00.5: 


( 





20,700 5 90 
1.500? 3 Applying these factors to the J-C 





19 200 Formula, the calculation becomes 





[ £0.64) (35,000) + (0.282) (42,250) + 
(0.317) (11,000) + (0.405) (21,750)] 

20.000 000 ey 
$46,580 per 20,000 $2.329 per $1000 


and maintenance cost of items af 
fected by B.O.D., chargeable to 
property 

Sewer and Lift Stations) Total operating, replacement, and 
t chargeable to property maintenance cost of items affected 
ection ayatem fixed cost by ROD [(0.60) (2,200) + (0.30) ( 
t of iten Per cent of operating, replacement (0.30) (31,350) + (0.40) (19,200) | 


mt 


lecti ystem (lt of assessed valuatior 


17./50) + 


| fixed cos 
and maintenance costs of items af 


equipment, and opera fected by Suspended Solids, charge 
| 


urgeable to property able to property 


$20,000,000 
$23,740 per 20,000 $1.187 per $1000 
of assessed valuatior 


L.0.D. where items are 


Total operating, replacement, and 
maintenance cost of items affected Total tax rate 
by Suspended Solids, exclusive of assessed valuatiot 
Collection system 
Assume 
300 ppm B.O.D 2.5 Ib./1000 gal. 


250 ppm Susp. Solids 


Per cent of operating, replacement 
and maintenance cost of items af 
fected by Volume hargeable to 


of item 


ite able 


m afftectes 


, 
¢, exciusive ot Collection 


nt of operating, replacement 
maintenance cost of the Collec 
tem, chargeable to pr yperty 

lotal operating, replacement, and 


naintenance cost of Collection svs 
Per cent ! operating, replacement 


W.&5.W REFERENCE & DATA— 1955 


property 

Total operating, replacement, and 
maintenance cost of items affected 
by Volume, exclusive of Collection 
system 

Per cent of operating, replacement, 
and maintenance cost of Collection 
system affected by Volume, charge 
able to users 

Per cent of operating, replacement, 
and maintenance cost of Collection 
system affected by Suspended 
Solids, chargeable to users 


2.08 Ib./1000 gal. 


Cherefore 


[1.00 0.64) (35,000) 
(1.000 — 0.405) (21,750) ] 


1,370,000 
(1,00 — 0.282) (42,250) 


+274.000 





(1.00 — 0.317) (11,000) 

2.08 
3,647,000 
0186 per 1000 gal. + $0.0196 per 1000 
$0.0043 per 1000 gal 


5 per 1000 gal 


0.60) (0.795) (2.200) 


0.40) (19,200) } 


1.370.000 


0.30) (17.570 
3.874.000 
100 0.60) (0.205) (2.200) 
LOO 0.30) (31,350) ] 
208 


647.000 


$0.0080 per 1000 


1000 gal 
per 1000 gal 

er 1000 gal 
ime rate $0.0425 


$0.0720 per 1000 gallons 
Substituting in 


$0.0295 
oT waste produced 


the o1 formula 


A) f+o) X (\ 
per $1000) 


er 1000 


Ka 


ssed valuation of the industry 


e of industrial waste produced 


Advantages and Disadvantages 


advantage of the J-C For 
that it is completely fair. It 
component of the 
and treatment works 
ind determines what por- 

its fixed costs, operational 
ind maintenance should 
ged to the various categories 

yf future capacity is added 
reduced periodically as the de 
date of the structure is ap 
The |-C Formula is most 
equital le and it should appeal both to 


each 
ystem 


costs 


proac | ed 


municipalities and industry 
Disadvantages of the ]-C Formula 
ire the exacting method with which 
structure must be examined, the 


hat must be made in rela 


tion to the percentage of each item to 
be charg d to 


each category, the 


hookkeet involved to determine 
assessment and a rate 
the B.O.D 


d olids contetit 


5 day load, 


and 


ther tactors 


After the rates have been estab 


lished, the sampling necessary to 
e procedure is expensive 
as high as $40 to 
of sampling and testing 
Two days of sampling and testing per 
might 


maintai 
lhe cost may be 
SSO per dat 
a minimum) 


, 
veal taken as 


cost the city 30 per cent of the as 
sessed charge for some small indus 
tries 

he Joint Committee suggests a 
remedy, Assuming two days of sam 
pling and testing as a minimum, and 
a cost of five per cent of the yearly 
income from industry as a maximum, 
a ‘standard may be 
lished below which no sampling will 
standard may be set as 


certain 


waste” estab 
be done Vhe 


a certain volume per day, a 
suspended solids content, or a cet 
tain 5-day B.O.D 
latter two might encourage dilution 
with cooling water to meet the stand 
ard. Such a dilution procedure would 
penalize an industry on a 


basis but perhaps not in the same 


load, although the 


volume 


proportion 

\nother problem is the variation of 
the future capacity factor. If thi 
factor is to be fair it must decrease 
with the passage of time. This is 
complicated, however, since the whole 
system reviewed 
each time a change is to be made 
Chree to ten year intervals have been 


sewerage must be 


suggested for review, depending on 
the growth of the community. Once 
the basi at hand, however, 


complications can be kept at a mini 


facts are 


mum 

he J-C Formula i difficult 
to administer than the Q-Q Formula 
but has its place, particularly in the 
large industrial city staff 
and money available and which needs 
an accurate method of charging in 
dustry for and benefit of the 
sewage works system. Obviously the 
J-C Formula is accurate than 
the flat rate or Q-O formulas 


More 


which has 


use 


more 


Summary 


The problem of disposal of indus 
growing s0 rapidly 
treatment in the 


trial wastes is 
that if 


plant is the answer, as it 


municipal 
eems to be . 
industries should be charged for the 
use and benefit derived from the mu 
nicipal sewage system 
available for 
Fac h 
has its specialized realm of applica 
tion Flat Formula in 
small municipalities with 
the QO-QO Formula in 
larger cities, needing a more accurate 


Several formulas are 


determining equitable charges 
Che Rate 
very tew 


industries ; 


charge basis due to more industries 
and more complex wastes; and the 
California Formula or the ]-C For 
mula in large industrial cities where 


disposal charge 
5000 Population,” 


R-235 


accurate and equitable charge bases 


are essential 
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1313 bk. oot 


» the Bl] page 
Pub. Wk Asst 
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e PUBLIC HEALTH 
e INDUSTRIAL EXPANSION 


specifies 


CLAY PIPE 


More than 32 miles of Clay Pipe in sizes from 6 to 24 inches are 
being installed in Waco, Texas, as part of that city’s $5 million 
bond-financed sewer improvement program. Clay Pipe is helping 
to solve two of the city’s most urgent problems: 


PUBLIC HEALTH When the city was alarmed by a polio outbreak 
in the neighborhood of an orphanage, investigation showed that 
breaks in an old non-clay sewer pipe allowed sewage to flow into 
a creek bordering the institution. Medical authorities suspected 
a connection between the polio epidemic and the sewage overflow. 
Clay Pipe was installed as a public health measure. 


INDUSTRIAL EXPANSION. In two huge new industrial areas opened 
by the Waco Industrial Development Association, Clay Pipe was 
used exclusively to handle the chemicals, dyes, acids, and other 


corrosives commonly found in industrial sewage. 


In other sections of the city, acid soils made Vitrified Clay Pipe 
a “must.” There's no safe substitute for Clay Pipe. [t's guaranteed 


for 50 years. 


City officials directing the project include Mayor H. F. Connally, 
Jr., City Manager Jack Jeffrey, and City Engineer Eugene Shields. 
Private Contractors: J. D. George & Co., Rogers Smith Construc- 
tion Co., and Parks and Andrews. 


NATIONAL CLAY PIPE MANUFACTURERS, INC. 
1520 18th St. N.W., Washington 6, D. C. 
206 Connally Bidg., Atlanta 3, Ga. 
100 N. LaSalle St., Rm. 2100, Chicago 3, Tl. 
703 Ninth & Hill Bidg., Los Angeles 15, Calif. 
S11 High Long Bldg., 5 E. Long St., Columbus 15, Ohio 


W.&5.W REFERENCE & DATA 1955 





Sewer System Operation and Maintenance’ 


TEXHE Bureau of Sewers designs, con- 
structs, operates and maintains all 

combined, sanitary and storm sewers in 
the City of Milwaukee. All house sewers, 
from the main sewer to the building, are 
the property and responsibility of the 
property owner, and must be cleaned and 
maintained by him. The Milwaukee Sew- 
erage Commission designs, constructs, 
operates and maintains intercepting sew- 
ers and a sewage treatment plant tor the 
entire metropolitan area. The Commis- 
sion was organized in 1913. Prior to that 
time all sewers in the City were of the 
combined type and emptied directly into 
one of the three rivers or into Lake Mich- 
igan 

Since 1915, the city has constructed sep- 
arate sanitary and storm sewers in its 
newly annexed territories. Today the Bu 
reau is responsible for approximately 500 
combined sewers, 300 miles of 
sanitary sewers and 300 miles of storm 
sewers. These sewers, most of which are 
circular, range in size from 6 in. to 144 in 
diameter. Some of the storm sewers are 
of a rectangular section, the largest of 
which is a double box, with each side 
measuring 7 ft. by 10 ft 

The older sewers were built of 
pipe, natural cement concrete pipe 
brick. The natural cement concrete pipe 
sewers were either 12 in. diameter cir 
cular, or egg-shaped 12 in. by 18 in., or 15 
in, by 21 in., with a flat base to facilitate 
laying. Most of the older sewers 24 in 
diameter or larger were built of brick, and 
in few instances of planks. Today vitrified 
clay pipe is used in sizes up to 36 in 
diameter, concrete pipe in sizes up to 66 
in. diameter, and monolithic concrete for 
box sections and circular sections as small 
as 48 in. diameter. Vitrified clay liner 
plates are used where needed in the mono- 
lithic sewers and in pipe sewers 42 i 
diameter and over 

It is present policy pipe 
for sanitary and combined sewers in resi 
dential | 


miles of 


clay 


and 


to use concrete 
and business areas, and to 
use vitrified clay pipe in light manufac 
turing and industrial districts. Zoning is 
quite well stabilized, and this policy has 
proven satisfactory over a long period of 
The sewers are quite well venti 
the establishment of the 


designs have pro 
) 


local 


years 
lated and, since 
Sewerage Commission, 
vided for minimum velocities of 2 ft. per 
second There are, therefore, but few 
septic conditions, and there has been no 
known trouble with hydrogen sulfide gas 
in the residential areas 


Organization 


The Bureau of Sewers is organized into 
a construction division, an engineering or 
division, an accounting division 
and a maintenance diiv This latter 
livision is in charge of the cleaning, flush 
ing and repair of all sewers and appur 
well as the construction of 
all catch basins, storm inlets and over 
flows. The division is under the direct 
charge of a field supervisor and an as 
sistant The three 
districts, each under the supervision ofa 


design 
sion 


tenances, as 


city is divided into 


*Reprinted from Wks. Jour., Vol. 21, p 


475 by permission 


by LLOYD D. KNAPP 


City Engineer, Milwaukee, Wis 


district foreman reporting to the held 
supervisor, Each district foreman is in 
charge of two or three construction gangs, 
consisting of a foreman with eight or ten 
men, a catch basin cleaning crew, one or 
two sewer cleaning gangs, a flushing crew, 
one or two sewer masons with helpers, a 
troubleman, and a timekeeper, At division 
headquarters there is a blacksmith, a car 
penter, and a machinist, all with helpers, 
and two sewer examining crews of three 
men each 

All city-owned automotive equipment, 
such as automobiles, trucks, trailers, air 
compressors, eductors, concrete mixers, 
cranes, etc., are operated and maintained 
by the Bureau of Municipal Equipment. 
[his equipment is rented to the various 
other bureaus as needed and at rates 
somewhat below that charged by private 
ywners. Special equipment such as pumps, 
cleaning machines, steamers, etc., are in 
direct charge of the Bureau of Sewers 


Construction Crews 


he construction crews excavate for the 
catch basins, and construct storm inlets 
and overflows during the construction sea 
sons. These crews also build short se« 
tions of new sewers as the occasion may 
require 

Catch 


poured 


bottoms ar¢ 


and, 


basin manhole 
with mixed 
where conditions permit, steel forms are 
set up and the bottom half of the catch 
also poured with ready 


and 


ready concrete 


basin is mixed 


concrete \ 
to provide an 


sandbag 1s 
opening for the 
\ sewer 


placed in the form 
overflow 
mason follows this 
ot the catch 


pipe and trap 
crew and lays up the top half 
basin with concrete brick 


[he storm inlet assembly consists of a 


frame and grate with a side inlet box 


brick The brick 


rests on the e« ge ota large cast iron bow! 


and the 


resting on a layer of 


bow! in turn rests on a cast iron 
} 


elbow with a 15-in 
a large flat base to 
and after it has 
vith 
quickly put together I he 
inlet 


! idius } el rOW has 


facilitate plac ement 
backfilled 
assembly is 
grates 
inlet 


been set and 
gravel, the rest of the 
lrames 
used in storm 


and side hoxes 





construction are identical with the cast 
ings used for catch basins 

Fach crew has a combination tool wagon 
and shanty equipped with a small stove 
Each crew is assigned an air compressor 
with sufficient capacity to operate two jack 
hammers continuously, The city owns 
both trailer-mounted and truck-mounted 
compressors and an effort is made to keep 
one truck-mounted compressor in each 
district for emergency use. The older com 
pressors are mostly Sullivan or Ingersoll 
Rand, while the newer machines ar 
LeRoi. Each crew also has two jack ham 
mers, two clay diggers, and a demolitior 
tool. This latter tool is a small compact 
rig that can be used inside a catch basin 
or manhole for tearing out masonry work 
These pneumatic tools are of various 
makes such as Sullivan, Cleveland, In 
gersoll Rand, and Chicago Pneumatic. All 
of the pneumatic equipment has proven 
satistactory 

Each construction crew also has a I! 
in. C. H. & E. centrifugal pump, tw: 
wheelbarrows, screw jacks, 200 ft. of 
2'4-in, flushing hose, 100 ft. of l-in. flus! 
ing hose, a hydrant valve, barricades, red 
lanterns, and miscellaneous smal! 
These special hydrant valves are 
thus 


open 


flags, 
tools 
used to regulate the flow of water 
permitting the hydrant itself to be 
to full capacity. The Water Department 
recommends this practice as a means ot! 
ydrant 


preventing wear and tear on the | 
parts 

IT he city 
Hydro-crane 
which the Bureau of 
ear-around One or 
during the con 


mounted 
hue } et 


owns one truch 
with a Y%-cu. yd 
Sewers uses on a 
basis two more of 
rented 
These crane are oper 

even to the openi 
bucket. They are used 
for digging and the 
quite successfully where the grout 
toc hard 

rhe advantages of this type of machine 
are that it can be quickly moved from 
to place in an emergency and can 
be digging 2 or 3 minutes after arrival on 
the job. The mounted on an 


International l 


these cranes are 
struction season 

ated hydraulically 
and closing of the 
purposes, operate 


d is not 


place 


machine is 
' 


Truck chassis and can travel 


a | 





LE RO! 105-160 cu ft per min. two stage compressor on International truck 
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7.5-h.p. machines. One crew has a pair of 
j-h.p. Sewer Turbine machines. The 
smaller machines are used on the smaller 
sewers so as not to overload the motors. 
All of the machines are proving satisfac- 
tory. However, the level winding appara- 
tus was removed trom the Champion ma 
chines and substituted by a loose pulley. 
rhe gearing on the Turbine machines was 
also changed so as to increase the cable 
speed from 33 to 90 ft. per minute. Self 
closing buckets are used in sizes from 6 
in. to 18 in., made by the Champion Com 
pany. Some plain buckets or scoops have 
been made up to fit several different sizes 
of small egg-shaped sewers, and circular 
scoops have been made for sewers 21 in 
diameter or larger 
Elm strips 4 in. by 2 in. and of varying 
lengths up to 10 or 12 ft. are used in 
getting the pilot cables through the sewer 
These strips are notched at the ends and 
fastened together with wire They are 
quite flexible and can be readily shoved 
through the sewer. Any water in the 
sewer, of course, will cause the strips t 
float and facilitates their use. If the nor 
mal flow in the sewer is yt sufficient t 
float the strips it is an easy matter t 
connect a hose to the nearest hydrant and 
obtain the amount of water desired 
Jointed, wooden sewer rods about 1% in 
square and in 3-ft. lengths are used for the 
= , * same purpose. When neither the elm 
strips or rods will work, a Flexible sewer 
SEWER CLEANING MACHINE with self-closing bucket ( Turbine Sewer Machine Co. ) rod is put through and the pilot cable 
pulled back when the rod is withdrawn 
Sewers under busy streets or car tracks 
are cleaned at night. When cleaning along 
i car tracks, hand cleaning rigs are em- 
ployed, as these can be shoved aside more 
readily than the power machines in order 
to let street cars pass 


| y yresentatives of the 
[his equipment i ous operating departments. The fiele 
ige in the outskirt visor is tl representative for the 
interference from au. Thi ymmittee has done much 


ictures. One 2 ) promote safety among city employees 


ompanies eacl pervisory forces make a point to in Flushing 


CK a 


ithcient especially K w men in the yf tools, to ex 
, , 


Four flushing crews of three men each 
are maintained. Each crew is equipped 
with about 500 ft. of 2!4-in. hose, one 8-in. 
ard one 12-in. flushing bag, a wheelbar- 
row, manhole guards and various small 
tools. During the winter a stiff rubber 
coated hose is used, from which the water 
can be drained and which will not freeze 
up during severe cold. In the warmer 
months discarded fire hose is employed, 
which is bought from the Fire Depart- 
ment for 10 cents a foot. One length of 

[here are tour sewer! lean g crews of the rubber cove red hose 18 shoved down 
three men each. One crew is using a pair the manhole and into the sewer because 
»f Champion 7.5-h.p. machines; while two of ease of handling. Hose bridges are 

ising a pair of Sewer Turbine made by a carpenter and consist of cham- 


re a dump can usually ools te tects c, Supervisors 


or 10-minute run the bracing 


used in the older | ring ft tr ches and tunnel se 


at locations where ‘ _ \ al t pern itted t work in 


are favorable Experi sé alled “ts hol sections As a 
ro-cranes to date it f of tl cautions sual acci 
favorable conditions $ ar tam iY There have 

an be reduced 0 }ue ave ins for 


hand dig 


ver 
digging for catch basin Sewer Cleaning 
struction as well as for 
done by hand. The hand 
id their dirt into trailers 
1. capacity. The empties 
loads pulled once a day 
onths the constructiotr 
on repair jobs IT he 
broker or cracked 
replace de fective con 
and break out defective 
brick sewers preparatory 
be made by the sewer ma 
extensive repair job carried 
: seasons, involving the 
lacement of concrete in 
rant of a 72-in. tunnel and 
e with vitrified clay liner 
a storm sewer tunnel into 
en discharged for sev 
digging is admittedly 
has been necessary 
nter in order to keep the 
with « xperienced men und 
t possible to hire sufficient 
e necessary repairs in the 
when the construction 
avy Then too, it would be 
secure the extra tools 
equipment needed to do both repairs and 
in the summer 








{ Milwaukee for years has ELGIN EDUCTOR mounted on Sterling chassis 
lent Prevention Committee te agitator pipe and long handled rake for cleaning out sticks 
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fered 3-in. planks fastened togethe: with 
steel bands. Discarded rubber hose is cut 
un and nailed on the bottom of the planks 
and this prevents skidding of the |! 
bridge under impact of even 
hicles, provided they travel 
speed. During 1947, 262 miles of 
were flushed 
All storm inlets are fi 
these same crews. T1 : 
waste of time in coupling up hos¢« 
hydrant, setting the hos¢ 
to find that one good 
that is needed The 
studying the pos 


p« tor t 1s 


ose 
heavy ve 
ai moderate 


sewers 


by 
erable 
the 
bridges 
shot of 
field supervisor 
sibilities of 


work 


to nearest 
etc 

| 
ai 


is now 


water 


using 


Catch Basin Cleaning 


} 


vasins 


Catch are cleaned once 


This 


basin cleaning crews 


work is carried out by twe 
each consisting 
forema! im Each cr 
has three or four Elgin eductors, a 1 te 
truck, a small centritug 
pump miscellaneous vol 
Each educator crew will clean an ; 

of twenty catch f 

and two men 
those basins wl 


luctors 


and eight to ten met 
a wheelbarrow, 
and various 


asins per di 
to 


inaccessible 


are used lez } 
te 
thos« 


ich are 
to finish 
annot 
| acl 


tor 


e and cleaning 


basins which « be properly cleane« 
the 
1 garden 
branches, ete 
yt broken 
I h cannot be 


r | 


1s 


1 eductor crew cart 
removing stick 
hey frequently find chunks 
other 
removed either 


eductors T 


rake 
I 


concrete or material 
by the 
| the t 
of by 


eductors are 


rv the 
then 
leaning 


20 vears 


ake, ane xtra 


I 
tak 


cleaning en ci thi 
| he 


are in 


; 
manuai ¢ 


and need ot 
ioped soon to inaugu 


modert 


er 
replacement. It 


rate a progratr equipment re 
lacements 
eductors 


Che 
. } 


ear, whicl 
lie 7 
mions Whlil 


operate about 8 months o! 
bout all it weather 
g the win 


Durit 
do hand cleaning of 


t al tl 
mi 


crews 


ma per 
ter months the 
atch basins as previously 
basins were crews 
1 5,099 by hand. Ad- rhe 
is more expensive, line prints of quarter 


all « 


catch 
tloreman 1s 
catch basins 
the 
either weather 
for equip 
before the com 
of all « 
ipprox! 


15,000 


1 

ned +} 

canme ) ; i with 
ipment 
nditior#r 


il catior atcl 
He 


showing 
to the 


of 
that present lets 
variably 
ropriations 


rfere 


as struc 


nt rent 
atch 
Sewer Troublemen 


Each 


who drives 


district has 





= pte es = 


tur 
S¢ 


basins an 


t 


a 
a pick-up truck 


ate 


mentioned, b 


returns these maps to headquar 
the d: 


BUCYRUS-ERIE H-2 Hydrocrane mounted on International truck chassis 


with 


range pee! bucket for cleaning catch basins 


to investigate all complaints in his dis 
trict. These complaints cover a wide 
of subjects, from water the 
to a leaking kitchen faucet; from 
rats crawling out of plumbing fixtures to 
ball In 
ases not 


the 


range 
standing 


tions 


showing the 
/ 


gutter 
torm in 
lodged in downspouts 
Bureau of S« 
troubleman will give 


rubbe r 
of 


and 
of the 


the 
involved, but the 


hest 


cleaning most « vers is 


ition 
advice of which he is capable 
The troubleman opens up blocked 
if d 
lal 


ipor 


scwers 


catch basins, irest 
gang ior 
two laborers 
unday 
alls and 
subject to 


calling on the ne 
hely \ troublen 

are on duty 
holiday to | 
the 
by 


troubleman 
His duty is 


sewer 


ever 


and indle 
troublemetr 
call the 


omplaint clerk 


LJ/UTINE torn 


nt li come 


better 


ro. 


idle d 
forces sta 
omplaint has beer 
this has 
continuous 


inve 
instance taken a 


ours of operati 


oublemen are also emplo 
periods the d 

of materials for cor 

ind the moving of the flushing 
rickmasons job to job 


complaints loose 


with eliver 


tru 


iron 


inswers on 
| 


‘ 
ana 


If found 


be in good 
cover is sealed in place with Hallemite 


vers the cover frame are 


to reasonably condition the 








HOUGH END LOADER used for cleaning up jobs and loading hand excavated material. 


which has been giving us good service. All 
flushing crews carry a small supply of 
this compound 
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CLEAVER-BROOKS oil burning steamer 


swing out fr 


Sewer Inspection Crews 


two sewer examining crews 
fa foreman and two men eacl 
onnel 
nent, and have regular pro 


have trained per and 
mining sewers as to struc 
depth of 
flushed or 
with the informa 

om these When 
ived, an examining 

rs, and the desigt 

ort to determine the 
" 


tior amount of flow 
Many sewers are 
ccordat ct 


reports 


ilding the sewer because 


conditior 
ire used for many types ot 

work 
n, and discover many de 


examine all contract . 


d by the inspector, or which 

determined by the ir spector 
Chey are used frequently 
which 
overflow ire con 
t They check for 
manholes following 
Ily they make 


to determine the 


point at giver 


onditions 
that their 
d by the 


divisi« ! 


ire so valuable 
constant demar 


ces, enginecring 


ct foremen. It is difficult 
+} ’ f 


cir primary task « cx 
on a routine basis 

{f the smaller sewers are 
and mirrors 


through all sew 


{ flashlights 
walk 
diameter or larger flow 


permitting and occasionally 


gh 24-in 
} 


sewers 
belt for use 
ibber coats, hat 
work 
y work 
| 


lamp, al 


\ as a satety 
and rubber 

They also carry 
mintwn ladde 
re manhole steps are unsafe or 
small quantity of 


t a considerable 


potassium 


¢, and num 


tools and supplies 


Sewer Masons 


There are four sewer masons, each with 
two helpers, who work the year around 
During the construction season, when the 
new catch basin work required in con 
DATA— 1955 
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zen catch basins. storm inlets and culverts 


is the heaviest, 
crews are added 


nection with new paving 
two or three more mason 
to build basins and to set basins and man 
hole frames to final grade tecause of 
past budget restrictions it has been neces- 
sary to impose on some of the more skilled 
laborers to do this work without extra 
past summer, however, it was 

obtain for three of the best 
sewer mason pay for a 
A plan is now in 
»f the best men a 
rate $15 per that of common 
[hese men will be used normally 
mason. Is 
used for 


pay Phis 
possible to 
men the 
period of a few months 


development to pay four 


re ular 


month above 
labor 
as leading helpers to 
they 
setting manholes and basins to 
grade, thus relieving the regular 
for the more skilled work of building man 
holes and catch basins 
There are more brick 
be handled with the four regular masons 
during the off season There are pe rhaps 
25,000 catch basins and approximately 
40.000 manholes. most which are built 


if brick and many which need repairs, 
many, man ] 


the rush seasons 


masons 


repairs than can 


miles of brick 


we a> 


sewers which need more and more repair 
work as they become older. 


At the present time the mason crews 
have only a small tool box, but a pro- 
gram is planned to equip all crews with a 
small combination tool wagon and shanty. 


Yards 


At the district yards there is a supply 
of special tools and equipment as needed, 
such as centrifugal pumps up to 4-in. 
discharge, 4-in. Pemberthy syphon pumps, 
three Homelite blowers operated by gas 
engines, two electrically operated blowers, 
three 1500-watt portable light plants, and 
a Cleaver Brooks oil-burning steamer for 
thawing out frozen catch basins. There 
are small derricks and two hoists operated 
by compressed air and two operated by 
gas engines, also flumes of various sizes, 
rock drills, and cutting and welding equip- 
ment. In addition there are three Flexible 
sewer rod outfits which are used in open- 
ing up blocked sewers and Coleman rods 
for use in checking clogged house sewers. 


The clerical forces keep time and mate- 
rial records, order materials and equip- 
ment, keep a card index file of complaints 
by house numbers, type the reports of the 
examining crews, tabulate the records of 
cleaning, flushing, et Ready-mix con- 
crete, backfill gravel, brick and pipe are 
purchased on open order and may be 
secured as needed from the vendor, who 
delivers directly to the job 


1 


In all there are 160 people in the oper- 
ation and repair division, which includes 
all classes from laborers and clerks on up 
to the field supervisor. Common laborers 
are known as “city laborers” and do sewer 
cleaning and flushing and catch basin 
cleaning. They receive a top pay of $140 
per month, plus a cost of living bonus of 
$83.02 per month. The laborers on con- 
struction crews are called “sewer labor- 
ers” and receive a top pay of $150 per 
month, plus the cost of living bonus. 
Sewer examiners get $165 per month, their 
foreman and the troublemen get $180 per 
month, while the construction crew fore- 
men receive $210 per month, all with the 
cost of living bonus in addition. The 
highest, of course, is received by the field 
supervisor, who gets $350 per month and 
the bonus. The total budget for operation 
and repairs for 1948 amounted to $529,459, 
approximately $480 per mile 

















TYPICAL flushing crew 
Note regulating valve which permits hydrant to be open to full capacity 
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WATER MAINS 


- restoring them to 95% of original capacity! 


a 





NATIONAL POWER RODDING CORPORATION 


4600 West Madison Street . Chicago 44, Illinois . MAnsfield 6 8366 





These factors key- 
note the modern 
water main cleaning 
methods developed 
by the NATIONAL 
POWER RODDING 
CORPORATION. 


SUBSTANTIAL SAVINGS PLUS 95% WATER MA 


Patented equipment 
developed and used 
exclusively by the 
NATIONAL POWER 
RODDING CORP. 
cleans mains where 
extra heavy deposits 


have formed. 


NATIONAL 





POWER 


New Hydraulic Power Improvements In- 
crease Efficiency — Hydraulic water main 
cleaning clears pipe quickly and effi 
cently. But now, due to NATIONAL 
POWER RODDING'’S new, powerful 
auxiliary pumping equipment, this water 
main cleaning method has reached a 
maximum of performance. Due to in 
sufficient pressure, heavy encrustations 
in pipe often slow down or stop hydrau 
lic cleaning. To keep the tool driving 
through, this mobile, tru¢ek-mounted 
heavy-duty pumping mechanism is put 
into force. Mains never before cleaned 
by this method are now cleared with 
dispatch 


sy - 


New Method Assures Success — Small, 
portable machines have been used in the 
water main cleaning field for many 
years. Now, through NATIONAL 
POWER RODDING'’S exclusive pat 
ented continuous steel rodding equip 
ment, the power method has become the 
important factor. New truck-mounted 
equipment cleans mains faster and more 
efficiently than ever before. Up to 1500 
feet of water main can be rebored in one 
operation; meaning a minimum of dis- 
turbance to the community or industry 
AND a substantial savings of funds 


RODDING 


Patented Equipment Makes The Difference 

Before using the new mobile pumping 
unit, this hydraulic power pressure tool 
is inserted into the pipe. By using new, 
improved methods the interruption of 
normal operations are reduced to a mini 
mum. This tool is composed of hun 
dreds of scraping, propelling and polish 
ing blades with cone pushers. The 
tremendous water pressure behind the 
tool provides multiple cleaning action 
guaranteeing to restore the line to 95°, 
of its original capacity. Hydraulic power 
pressure tools range in size from 4 to 60 
inches to take care of a wide size range 
of mains 


IN EFFICIENCY RESULT FROM THE COMBINATION 


Engineering Refinements Create Proven 
E{ficiency— The NATIONAL POWER 
RODDING CORP. safeguards through 
precision engineering both men and mains 
The power-driven cleaning head is com 
pletely under mechanical control No 
manual force here. When the boring head 
reaches a seemingly immovable obstruc 
tion, the automatic fluid clutch absorbs 
the shock and the forward action is stopped 
without damage to the valve seats or fit 
tings and the precision footage indicator 
automatically records the distance. This 
simple refinement alone, saves many man 
hours in locating the trouble and making 
repairs. The exclusive mobile rodding unit 
drives the cleaning heads through mains 
that, before, would need replacing. These 
chain head augers and scale drills used in 
the boring operation are specially tooled 
for maximum performance 





CORPORATION 


4600 West Madison Street 
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Trained Crews Use Modern Methods — 
Constant supervision on each job is a 
day-to-day rule. Trained foremen plan 
each step using the latest equipment 
Power pipe cutters, walkie-talkies, pipe 
locaters, and night lights represent just 
1 few of the modern tools used by the 
NATIONAL POWER RODDING 
CORP. Heavy duty couplings recouple 
the pipe; curb cocks are sealed to keep 
muck out of lines in buildings and 
homes; fire hydrants or blow-off valves 
ire opened to discharge accumulated 
scrapings. And every step of the opera 
tion is handled by crews with years of 
experience and know-how. This “hu 
man” factor is another link in the chain 
of efficiency and economy 








A JOB WELL DONE Throughout the 
course of the water main cleaning, the 
hydraulic power pressure tool passes 
through many “‘tees’’ and ‘“‘elbows”’ 
Even though the turn may be 90 degrees, 
the pressure tool, backed by revolution 
ary new equipment and methods, drives 
forward removing the sludge and muck 
in its path. At the predetermined point 
where the pressure tool leaves the main, 
an opening is made. Out of this opening 
passes this corrosion and another 
water main is brought to maximum 
efficiency through these new methods 


OF HYDRAULIC PRESSURE AND POWER RODDING TEAMWORK 
ee ra 


investiqate Now, No Obligation — If your 
need is now, or in the future, do not 
hesitate to contact THE NATIONAL 
POWER RODDING CORP. We are 
always more than happy to discuss your 
problems, make suggestions, give esti 
mates. Many, many times we have 
found a few simple suggestions from us 
have saved many thousands of dollars 
Our specialists in the field are at your 
call. Remember preventive action 
today may eliminate costly emergency 
repays tomorrow 


o WRITE « WIRE e CALL COLLECT 


Chicago 44, Illinois 








Sewer Reboring Service Offered In addi 
tion to the NATIONAL POWER 
RODDING CORP'S. water main clean 
ing service, a complete sewer pipe 
restoring service is offered. Through 
vast experience and technical know-how 
coupled with exclusive patented equip 
ment, sewers are cleaned in a minimum 
of time at much less cost. Before you 
plan construction of new expansion 
sewers, investigate the new power rod 
ding method of reboring old lines and 
restoring them to normal capacity. Con 
tact us for the complete story on our 
proven revolutionary sewer cleaning 
method 


MAnsfield 6-8366 


WHAT THEY'RE 
SAYING 
ABOUT US...... 


“The plant and the system 
were each capable of han 
dling six million gallons of 
water per day. We were 
only able to pump 3 MGD 
through 8700 feet of sixteen 
inch main We are now 
able to pump water at the 
rate of 4.75 MGD, which is 
an increase of almost 60°%, 
I can well say that your 
guarantee of 95°; original 
capacity restored was ex 


ceeded.” 


“We had built a new Water 
Treatment Plant and 
although the specifications 
for our high life pumps 
called for 700 G. P. M. we 
were only getting 465 
G. P. M. I found some of 
your literature and con 
tacted your firm and I must 
say you have fully carried 
out the promises made in 
your advertising. After 
cleaning the water mains 
we are now pumping the 
700 G. P. M. that was set 


out in our specifications.” 


“The supply line at the 
time before cleaning was 
only delivering 240 G.P.M 
After cleaning was com 
pleted the line delivered 
620 G.P.M. and is still do 
ing so at this writing. We 
cannot speak words for the 
promptness and effi 


ciency 





NEW EQUIPMENT FOR MODERN WATER-MAIN CLEANING 





SPECIALIZED 
PATENTED 
EQUIPMENT 
INSURES RESULTS 
UNHEARD-OF 
BEFORE 


Nothing Is More im- 


portant Than Your 


Complete Satisfaction. 


This Policy, Plus Cour- 


teous Service, Is A 


Matter Of Pride With 





Our Personnel. 


NATIONAL POWER RODDING CORPORATION 


4600 West Madison Street . ae 2s . MAnsfield 6-836€ 








FAIRBANKS-MORSE 4-in. centrifugal Woods trash pump, 20 hp. Le Roi Motor 


~apacity 
Discussion 


Francis S. Friel 
President, 
Albright and Friel, Inc., Con 
Philadelphia, Pa. 


Mr Knapp has given an excellent out 
line of the the organization, 
equipment and maintenance procedures of 
the Milwaukee Bureau of Sewers 

In Mr. Knapp’s remarks relating to 
ewer construction he reports that all 
house sewers from the main sewer to the 
building are the responsibility of the 
property owner and must be cleaned and 
maintained by him. This same practice 
prevails in the Philadephia area. Prior to 
the war, suburban area outside of 
Philadelphia made house connections 
through contract, within the bed of the 
street, and charged the property owners a 
fixed sum for it. This practice has been 
stopped because of present labor condi 
and now property owners are re 
juired to engage their own contractors 
who, in turn, must be bonded by the mu 
ric ipality 

Reference is made to the 
Milwaukee of using vitrified clay pipe for 
sewer lines up to 36 in. in diameter; cor 
pipe up to 66 in. in diameter 
monolithic concrete structures with vitri 
fed clay liner plates where needed. It is 
also interesting to observe that it is the 
policy in Milwaukee to use concrete pipe 
for sanitary and combined sewers in resi 
lential and local business areas, and t 

se vitrified clay pipe in light manufac 
turing and industrial districts. This pra 
tice is commended 

Mr. Knapp does not 

ilty experienced in locating manl 

ther Manholes 

fter paving or by 
regrading 
cate then 

Magr eti 


1" 
shallow 


scope ol 


one 


tions, 


practice in 


rete and 


mention at 


structures 

with 

grading of private property or 
roads, and instruments to I 

are invaluable ir 

Ip needles are 

epths, while the “M-scope’ 
deeper ( 


sewer 


covered new 


time-saving 
convenient 

requires 
The use of the crews 
inspection of new « 
examination of 

practice The best insurance 
essive maintenance is a well-designed 
and well-constructed sewer line. A sma! 
municipality in Pennsylvania installed a 
ewer system about 25 years ag The 


sewer examining 
mstruction and 
for periodi lines is go 


against ex 


70,000 gph. Used for pumping out sewers, basements 


looded areas, etc 


sewers were poorly constructed due to a 
lack of proper inspection. Since the orig 
inal construction, more than twice the 
first cost has been spent by the town and 
by W.P.A. in attempting to repair the 
sewer lines. In some instances, a pipe 
between two manholes, located less than 
300 ft. apart was out of alignment as much 
as 3 feet. In addition, the system leaked 
badly. The unsatisfactory conditions in 
this sanitary sewer system have not been 
corrected and a large expenditure is still 
necessary to complete the rectification of 
the original unsatisfactory work. Money 
spent for good engineering and inspection 
pays dividends on future maintenance 
The disintegration of sewers, as 
cated by the need for a retreading job on 
7 wer noted in Mr. Knapp’s paper, 


indi- 


a 72-in. se 
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once again illustrates the need and justih- 
cation for regulation of the disposal of 
industrial wastes, taking into account the 
character as well as the volume of the 
wastes to be handled, In some cities, sur- 
veys have been made to eliminate the dis 
charge of industrial wastes, particularly 
strong acids, which might cause the dis 
integration of sewer lines. It is certainly 
logical to require a particular industry to 
neutralize strong wastes prior to their 
discharge to a sewer system 

Ihe trequency of cleaning of a sewer 
line is dictated by the character of sewage, 
the flatness of the sewer grades, the con 
dition of the pipes themselves and also 
possibly by weather and climatic condi 
tions. No hard and fast rule can be 
applied as to the interval between the 
cleaning of a sewer. In Lower Merion 
Township, Pa., the sewers are flushed 
once a year The conditions observed 
during the flushing period form the basis 
of a priority maintenance program, All 
free time of the maintenance crew is used 
in a systematic cleaning of the 142 miles 
of sewers. Six years are required for the 
complete coverage cycle. A force of four 
men with one truck and up-to-date clean 
ing equipment does the job. The superin 
tendent reported recently that only three 
stoppage complaints have been received 
in five years, 
There are some instances where sewers 
never been cleaned since they were 
installed. On the other hand, certain sew 
ers have clogged in a relatively short 
period of time due to the growth of tree 
roots and other external causes 

rhe use of a flexible steel type of sewer 
rod to clean sewers has proved advan 
tageous in many places throughout the 
country. This type of equipment may be 
used to remove cbstructions which 
not be dislodged by a rod, It is 
especially effective where fire plugs may 
not be vhen extra flushing 
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1942 At Los 


T 20 


\ngeles, Brown states that nearly one and 
lines are 
machines, 


om 


halt 


cleaned 


and the cost of upkeep and personnel was 
cents per foot of sewer pipe cleaned 
srown states that each machine may 
be set up at 10 to 20 locations a day and 
1500 to 2500 ft 

Sewage 
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can clean from 
daily 
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Catch basins at Milwaukee 
practice 
In some places 
| a8 otten as once every . 
instances 
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throughout 
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period of cleaning is extended to about 
once in 3 years, as in Boston. The eductor 
type of catch basin cleaning apparatus as 
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the 


removal of grit and other foreign mate- 
rial. 

In most municipalities, where the water 
works is owned by the city, there is nc 
problem in securing water for flushing 
sewers, but where a private company 
owns the water works, the problem differs 
materially. Again citing the case oi 
Lower Merion Township, it is cheaper to 
use creek water for flushing than to pur- 
chase water from the private utility. The 
township, which has an area of 24 sq. mi 
has a 700-gal. tank mounted upon a 2%- 
ton truck, and water is pumped to this 
tank from a series of creeks or taken 
from one of the twelve fire hydrants per- 
mitted to be used. The tank is equipped 
with a quick-opening valve, and the cor 
tents are discharged rapidly to a manhole 
for flushing 


CONTENTS OF CONICAL 
PILES* 


Frequently it becomes desirable or nec- 
essary to estimate yardage in a pile of dirt, 
sand, stone, gravel, coal, etc 


Without any figuring whatever the ac- 
companying chart quickly gives the number 
of cubic yards in any conical pile. 


For example, how many cubic yards in a 
conical pile whose based diameter is 100 ft 
and whose height is 10 ft.? 


The dotted line drawn across the chart 
shows how it is done. Run the line through 
the 100 ft. diameter, column A, and the 
10 {t. height, Column C, and the intersec- 
tion with column B gives the answer as a 
little less than 1000 cubic yards. 


The range of the chart takes care of all 
diameters from 5 to 500 ft. and all heights 
from 2 to 200 ft. However, in the event 
that diameters or heights should be greater 
or less the same chart is still applicable 
Thus if the diameter should be 1000 ft. 
instead of 100 ft. and if the height should 
he 100 ft. instead of 10 ft., the same dotted 
line would solve the problem excepting 
that the answer would be 1,000,000 cubic 
yards instead of 1000 cubic yards. In that 
case the rule is this: For every cipher 
added to column A, add two ciphers to 
the answer in column B, and for every 
cipher added to column C, add one cipher 
to the answer in column B. This means 
that when the problem is 1000 ft. diame- 
ter and 100 {t. height, three ciphers must 
be added to the result in column B 


*Contributed by W. F. Schaphorst, M.E 





PRIMARY TREATMENT 


Ee GENERALLY accepted det 
nition of primary treatment is the 

noval of discrete solid particles 
ge by physical or mechani 
here are three 
~ecimentation, screenimny 
d the h ol 


the most important 


onl scwa 
il means processes 
volved 
nd flotation ar these is 
Sedimentation ven rally takes place 
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Flotation involves the use ot the 
huovant effect on parti les lighter 
thar In rapidly flowing liquid 
these parti les tend to become mixed 
throughout the liquid. When the velo 


city of flow is reduced these partic les 


wate! 


including yreases, oils, matches, et 


rise to the surface where they can be 


ret ioved 
r¢ ot 


involves the Passag 
le vice 


screening 


ome physical « 


liquid through 
hi h 
ize which 


contains openings ot! detinite 
vill allow passage ol small 
] objects 
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Grit Removal 
\ll sewage 


storm 


contains vrit evel 


here water 1s completely 


parated from domestic sewage. It 

functor 
remove inert matter particularly sand, 
of flow of 
than 1.0 ft 
than 0.7 ft per sec 


specil 


if the grit chamber to 
cinders, ete lf the velocit 
ewage 1s reduced to less 
sec but more 
parti les with a gravity 
2.6 and a size « £mm 1 di 
will be remo 


ettl 


etetT 


( le ~ will not 
lesigned 


(;rit chambers are usuall 


from 20 to 60 seconds deten 
the she rter time he ng used 


to allow 
tion time 
small plants 
ade for removing the settled grit 


lants, duplicate 


Provisions must be 


smaller and older p 


chambers are used so one can be taken 
out of service for hand cleaning. In 
newer and larger plants, grit cham 
bers are designed with mechanical 
equipment ( flights, s« rapers and buck 
ets) for the 


the settled grit particles 


continuous removal of 


In most sewage plants, some or 
ganic matter, particularly garbage par 
ticles, earth worms, and some sewage 
particles will settle out with the grit 
This organic matter is putrescible and 
might cause odors if the grit is used 
for fill. To remove this organic matte 
the grit is washed in special mechani 
cal washers which return the organk 
matter to the sewage and discharge a 
clean grit 

lhe amount of 
pends on the particular 
characteristics of the sewage Ihe 
volume of grit may be le 
ft per mil gal or as high as 4.5 cu ft 
per mil gal, particularly where a cor 


re moved cle 
plant and 


grit 


s than 1 cu 


bined sewer stem exist 


Screening 


lo protect pumps and to remove 
large suspended and floating solid 
screens are used, These are usually 
constructed of 


to 9 in 


inclined bars spaced 
from Sewage passes 
through these bat 
2 to 3 ft per sec. In 


cleaned by 


apart 
screens at veloci 
ties of small 
plants, hand 
raking, but in large plants mechanical 


screens are 


rakes are used. Lasket screens have 
also been used as have cage s for trash 


Mechanical 


time cycle or loss of 


racks rakes are usuall 
operated on a 
head basis 

The amount of 


posed of rags, paper, parts of « lothing 


screcninys com 
and other discarded personal effect 
Screening 
$3 cu ft 


I wet 


varies with the community 
from 0.7 to 
This 


odorous. putrese thle and generally ob 


quantities run 
per mil gal material 
jectionable 


screenings removed from eway' 
may be buried, burned or mechanically 
ground and returned to the sew 

particularly where mechnical 
of the 


practice 1 


screens is practiced, Another 


that of grinding (commi 
beneath the 


Wary et ly 


screenings 


nuting) the 
surface of the flowing 
movable shredder blades which rotate 
or oscillate between the openings « ! 
slotted drum or flat screen 
installations exist 
with relatively small openings 
quantity of 


a 4 In 


; 
Few where fine 
scTeens 


(1/32 to 3/32 in.). The 


solids removed on these screens 
amounts to 10 to 20 per cent of the 
hese screens may 


SUS} nded solids 
inclined 


be flat rotating on an 
a rotating drum, or an endless 
belt. The Reinsch-W url the 
most widely all types must 
be continually cleaned to maintain et 


lise Ss 
aXIs, 
type 1s 


known 
ficiency and prevent clogging 
Sedimentation 


solids 1s 
treat 


Sedimentation of 
the main function of 
ment, but as solids are removed so too 
is a portion of the B.C).D. Sedimenta 
tion may take place in Imhoff tanks 
or in tanks equipped with 


mechanical sludge removers 


Che Imhoff tank 1s a 
tank, in the upper portion of which, 


cwaye 


primary 


settling 


two story 


settling takes place, while digestion of 
the settled solids proceeds in the lower 
haftles 


compartment, separated by 


from the settling compartment 


Plain settling tanks with mechanical 
sludge removers are termed clarifier 
fairly shallow tank 


rectangular iD 


hey are usually 
circular, 
which mechanical flights or scraper 


push the settled sludge to some one 


square or 


point from which it can be transferred 
to digestion tanks 

In well designed claritiers, 55 to 60 
per cent of the suspended solids (o1 
85 to 90 per cent ol the settleable 
olids ) wall be At the 
tine approximately 30 to 35 per cent 
B.0O.D 


removed “Ane 


of the will be removed In 
order to 


15 to 20 per cent, certain aids to pri 


improve these removals b 


mar treatment may be practiced 


These aids include mechanical flo« 


culation and chemical precipitation 


and effluent filtration on magnetite 


filter 


Flotation 


Some of the removals obtained i 
settling tanks include suspended mat 
than 
will rise to the sur 
tanks 
removed for di 


ter with a speciiic gravity le 


one. This matter 
face of settling and can be 
skimmed off and 
posal. An aid to the flotation proce 


air ma he introduced in fine bubble 
into the 


settleable 


ewayge to aid in floating 
solids 


Che material which settles out be 


comes Taw 


sludge, that which float 
is skimmings. The disposal of these 


is a subject in itself 


W.&S.W CEFERENCE & DATA 1955 





R-244 


HARDINGE SANITATION EQUIPMENT 


@ CIRCULAR CLARIFIERS 


Hardinge Circular Clarifiers are available in sizes up to 200° diameter, either center-column or beam sup 
ported for steel, concrete, wood or tile tanks. Sludge scrapers remove settied solids rapidly through central 
underflow disc harge. Bulletir { 











e THICKENERS Especially suited for limited speces or where sludge delivery is desired 
at one end of the tank. A traveling screper and skimmer carriage re- 
For removal of fine suspended solids from supply water moves settled solids from the tank bottom and scum from the top 
waste water and sewage Auto-Ralse’’ mechanism pre Bulletir 
vents scraper breakage. Bulletin AH-442.15 puNet 





® AUTOMATIC BACKWASH 
RAPID SAND FILTERS © DIGESTERS 


For high removal of non-settling of siow settling suspended matter Sludge scrapers and scum breaker arms prevent scum 
self-cleaning sand bed No shut-down necessary for beckwashing. Travel accumulation, insure uniform gas *’) Emit «a 
nq beckwasth mechanism. Bulletin 46-A-1* dense digested sludge. Bulletin 35 ; 


Anz... 


® FLOCCULATING UNITS © HYDRO-CLASSIFIERS 


‘ i i tion of coarse and fine sus- 
slowly rotating peddies on vertical shafts bring the A large-volume classifier for rapid separa 
ma F os ‘ late contact to form larger mamas and pended solids. Frequently used for by-product recovery from waste water 
hasten precipitation. Bulletir Bulletin 39-86-15 





























HARDINGE 


COMPANY, INC ORPORATEDO 
































YORK. PENNSYLVANIA . 240 Arch St. ° Main Office and Works 
New York Terente « Chicege + Mibbing * Mewsten + Selt Lake City + Sen Francisco 
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Primary Units in Sewage Treatment Works’ 


Chief Engr., 


Y DEFINITION, maintenance is 

the holding or keeping in a state 
of efhciency and operation 1s the per 
formance of work or acts to produce 
an effect. For all practicable purposes 
industry in 
is converted by 


treatment 1s an 
raw 


sound engineering, 


sewage 
material 
chemical, and bio 
logical products more 
nearly the required needs 
his industry must be operated, how- 
ever, with little or no control over the 
quantity or quality of its raw material, 
but must still produce results or “con 
which are both uniform 

Che proficiency with 


which 


practi e to 
meeting 


sumer goods’”’ 
and acceptable 
which the facilities available can be 
maintained and operated will usually 
be the index of success in converting 
the unwanted material to 
which will be acceptable to at least the 
majority of the industry’s “market.” 

Plant and equipment design are so 
significant to the ability to maintain 
efhiciency and secure required results 
that brief comment is warranted on 
some of these factors that it is felt 
have important in connection 
with the primary treatment facilities 
in the Hampton Roads Sanitation Dis 
trict 

Che District has now had in opera 


raw one 


been 


tion for approximately five years three 
primary treatment plants, the primary 
units of which are substantially the 
same and consist of four-tank settling 
basins operating in parallel, each of 
divided two 
Each section is equipped with sepa 


which is into sections 
rate chain-and-flight equipment and 
scum removal equipment; each tank 
or each two sections is equipped with 
either the chain 
and-flight or helicoid type. The plants 
have a_ theoretical settling capacity 
adequate for approximately 10 m.g.d 
at the Army Norfolk, 22 
m.g.d. at Lamberts Point in Norfolk, 
and 12 m.g.d. at the Boat Harbor plant 
in Newport News. Anticipating the 
question that practices in these plants 
be different, due to size, from 
those of a smaller or a larger plant, it 
is doubted that there is any material 
difference in the basic maintenance and 


cross collectors of 


Base in 


may 


operation requirements for producing 


ind Industrial 
permission of 


*Reprinted from Sewage 
Wastes, Vol. 26, p. 96, by 
FSIWA 


Maintenance and Operation 


by FRANK H. MILLER 


good results merely because of varia 


tion in size or number of units used 


Access to Channels 


Design at one of the plants included 
an almost completely concrete slab 
covered rectangular influent channel 
supplying the four basins, The influ 
ent ports from this channel to the 
basins are equipped with shear gates, 
but the top of the ports is approxi 
mately 1.5 ft. below the normal flow 
line of the channel, It is, therefore, not 
accessible for either observation or 
cleaning. Scum tends to accumulate, 
particularly near the ends of the chan 
nel, to some extent restricting flow to 
the farthest removed basins. Experi 
ence prompts the caution that every 
influent channel be kept uncovered to 
the maximum extent consistent with 
good design and that under no condi 
tions should the ports between this 
distribution channel and the basins re 
strict the free transmission of scum or 
other floating material between the 
two. That is, the flow line, like the floor 
line, should be entirely clear of ledges, 
baffles, or other obstructions. Experi 
ence also indicates that full-depth in 
fluent gates, preferably of aluminum 
with aluminum guides, than 
justify their added cost in reduced cost 


more 


of maintenance and operation. Gates 
of wood with iron strapping also are 
to be avoided wherever practicable 


Settling Basins 


Unequal distribution between mul 
tiple settling basins served by a com 
mon influent channel can badly unbal 
ance the loading to the respective 
basins, The most effective distribution 
seems to result where the flow is to 
ward a wall constructed perpendicular 
to the flow direction, with distribution 
laterally from this point 

Access to all flumes and channels 
and to the side walls of sedimentation 
basins, and elimination of overhang 
on these operating walls, greatly sim 
plifes normal maintenance and opet 
ation. There are, of course, limits to 
which this can be accomplished, But 
by judicious use of gratings and minor 
alterations in design, operating prob 
simplified by anything 


lems will be 


done toward this objective 


Hompton Roads, Va., Sanitation District Comm 


Sludge Collection Equipment 


As regards mechanical sludge col 
lection and cross collection equip rt, 
there is a wide divergence of views. It 
is not desirable, however, to use any 
flight of greater than 6-in. depth. Also, 
helicoid rather than chain-and-flight 
type cross collectors reduce mainte 
nance and operation problems, split 
type main drive sprockets are prefer 
able to the solid type, and a square key 
and keyway-type of clutch on the drive 
mechanism is preferable to the saw 
tooth type. Several manufacturers e1 
ther will not or are reluctant to fur 
nish flights deeper than 6 in. on the 
basis that a 6-in, flight is sufficient to 
handle any sludge loading within the 
tank, and no good is obtained from 
any additional depth, Deeper flights 
ride on their bottom leading edges and 
do not pass smoothly down the tank, 
but tend to advance in jerks or hops 

Objections to chain-and-flight-type 
cross collectors at the influent end of 
the basin are (a) there are many more 
moving parts, which the 
maintenance, and (b) usually they do 


mcreases 


not permit the use of a type of basin 
influent baffle that will prevent the 
flow from being diverted downward 
into the hopper, where it is likely to 
cause the accumulated 
sludge. Personal observation further 
indicates that the flights themselves re 

sult in greater agitation of the sludge 
than do the helicoid type collectors 


scouring of 


Split Sprockets 


Anyone who has had to replace a 
solid or one-piece drive shaft sprocket 
where the sprocket cannot be readily 
shipped off the end of a short shaft 
will recognize the advantage of the 
split and bolted type of sprocket In 
the Hampton Roads plants, 
use of the 


time ot 
installation is reduced by 
split type from an average of po 

sibly 6 to 8 man-hours to less than 
one-fourth as long. The cost differen 
tial for the most common sprockets j 
only that between approximately $19 
and $27. As a matter of information 
considerable difficulty was experienced 
in finding a useable split-type sproc] 

et, but they are now available for us 
makes of 


on most equipment, Thi 


does not mean that this type sprocket 
W.&58.W. 
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Straightline mixers for rectangular tanks, 
horizontal Degree of mixing can 
be varied to produce maximum size floc, 


Grit collectors and washers effectively re 


i ‘ t and trescible of flow 


“parate pu 


atter before rem 


ving 


Call on LINK-BELT for water, 


and waste treatment equipment 


15 YEARS’ SERVICE 
| sludge plant gave 15 years of continuous 
Straightline collectors in primary tanks have been in service for 24 
Machinery reflection of effluent. 


Link-Bele chain installed at this Collingswood, N. J. acti- 


ate 4 hours per day service without 


ment 


without replacement indicates clearness 





ONE SOURCE ... ONE RESPONSIBILITY 











Cirevline collectors for square or round 
tanks for quick, positive sludge and scum 


removal in shortest time without septicity 


Straightline collectors for rectangular 
tanks. Peak-cap bearings, pivoted 
and Straightline 


settling 


flighes action assure top 
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Flash mixers rapidly and thoroughly mix 
chemicals with water, sewage, and indus- 
trial liquids. Propeller shaft has no under- 
water bearings 


sewage 


uilt to last 


ONG life decides the eventual econo- 
> my of sanitary waste treatment 
equipment. And after years of opera- 
tion, Link-Belt systems in cities both 
large and small continue to provide 
highly effective water purification and 
sewage treatment service .. . with neg- 
ligible maintenance expense 

Link-Belt equipment has aiso been 
welcomed in industrial plants of all 
kinds—particularly in states having 
strict anti-pollution legislation. For 
Link-Belt equipment can dispose of 
wastes at lowest cost—recover by- 
products for highest profit. 

Link-Belt offers you a broad line of 
top-quality equipment . plus engi- 
necring proficienc y acquired in over 34 
years’ experience. Our specialists will 
be glad to work with your own engi- 
neers, chemists and consultants to bring 
the finest treatment 
methods. Call Link-Belt 
office for full information and catalogs 
on the Link-Belt products shown here, 


you in modern 


y‘ yur nearest 


Bio-filtration systems utilize high-rate 
shallow filters and recirculation of efflu 
ent from filter to primary settling tanks 
and recirculation from tank to 
hilter. Single- or two-stage 


final 





Trash screens provide thorough re 
moval of large debris from water and 
power plant intakes 


Thru-clean bor screens remove large Straightline bar screens can't jam, as- 
floating particles from large volumes sure constant, automatic screenings 
of water, protect other equipment removal under extreme conditions 


Revolving disc screens offer economy Rotary drum screens remove fine solids from surface 


Tritor screens remove both grit and 
intakes, settling tank effluents and industrial wastes 


screenings with one mechanism. Rec- and minimum loss of head. 
ommended for small sewage plants. 





“ 
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Scum breakers are installed in either round or rec 

tangular digestion tanks to break up the floating 

scum as well as paddle down and submerge it. Mats Belt Conveyors—one of various types 
of scum are prevented, and no breaking down by of conveyors available for handling 
bulk or packaged chemicals. 


Liquid Screens are widely used for re- 
moving fine solids from liquids. Sev- 
era! sizes, with fine cloth. hand is required. 


Bucket Elevators meet the need for Chains for any conveying or power Power Transmission Products incluce 
efficient elevating of chemicals in lim- transmission need can be found in enclosed gear, fluid, and variable 
Link-Belt’s complete line speed drives; bearings; chain drives 


ited space 


OTHER LINK-BELT PRODUCTS INCLUDE: air diffuser units, non-clogging spray nozzles, traveling water intake screens, Roto 


Louvre sludge dryers, chemical handling machinery, car spotters and haulage systems. 


There 


y © LINK-BELT COMPANY: Executive Offices, 307 N. Michigan Ave., Chicago |. To Serve Industry 
Are Link-Bele Plants and Sales Offices in All Principal Cities. Export Office, New York Canada 
Scarboro (Toronto 14); Australia, Marrickville, N.S.W.; South Africa, Springs. Representatives 
. J « 


Throughout the World 


SANITARY ENGINEERING EQUIPMENT 
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FLOCTROLS 


water 


sting costs result 


CONVEYORS 


bage. chemicals, ete.. 


for handling grit, gar 
Jeffrey has a 
omplete line of conveying equipment 
including chains, sprockets, power scoops 
car pullers, apron and scraper conveyors 
vibrating feeders and WAYTROL con 
weight feeders 


tinuous 


for efficient clarification of 
sewage or trade wastes. Smaller settling 
basins are possible due to more efficient floc- 

ilation with standard Jeffrey FLOCTROLS 
ind baffling. Savings in both initial and oper- 


SLUDGE COLLECTORS 


bearings, HYDROLESI 
made of finest materials 


GRIT COLLECTORS AND JIGRIT 
WASHERS Scraper, Elevator or V- 
Bucket types for continuous collection 
and washing service. An unbeatable 
Jeffrey combination 


. large capacity col- 
lectors for primary and secondary settling 
tanks powered by compact, rugged drive units. 
Conveyor chain, PERMALIFE sprockets, 
hubs and flights are 


SCREENS AND GRINDERS... 
Back-cleaned bar screens or 
traveling water screens, in com- 
bination with reliable Jeffrey 
grinders, completely solve the 
problem of sewerage screenings. 


hundreds of JEFFREY-equipped 


RAPID MIXERS . . . for mixing coagulants 
with raw water ahead of flocculation 
basins. Special turbine designed to pro- 
duce horizontal and vertical mixing for 
proper blend 


Field-proven equipment of highest quality 
backed by wide experience with every type and 
size of sanitation plant has made Jeffrey a 


leader from coast to coast 


ing is a Jeffrey specialty 


complete confidence in our engineers and man 


ufacturing facilities 


Write for Catalog 833-A 


Sanitary engineer- 
you can place your ‘ 





Baltimore 2, Md 
Birmingham 3, Ala 
Boston 16, Mas 1 Newbury St 
Buffalo 2, N. Y., 402 Jackson Bidg 
Chicago 1. 0 

incinnati 2, O., 2905 Carew Tower 
Cleveland 15, O., 1560 Hanna Blas 
Denver 2, Colo., 1726 Champa St 


Duluth 2, Minn., 14 W. Superior St 





JEFFREY DISTRICT OFFICES 


1131 Munsey Bidg 
2210 Third Ave 


1. 307 N. Michigan Ave 


Detroit 13, Mich., S808 St. Jean Ave 


San Francisco 2 


Houston 2, Tex 

903 City National Bank Bidg 
Jacksonville 2, Fla., 507 Exchange Bidg 
Milwaukee 2, Wis., 735 N. Water St 
New York 7, N. Y., 3 Church St 
Philadelphia 3, Pa 

Suburban Station Bidg 
Pittsburgh 22, Pa.. 1424 Oliver Bidg 
Salt Lake City 1, Utah } Judge Bidg 
St. Louis 1, Mo 

1961 Railway Exchange Bids 

Calif., 870 Market St 








“JEFF 


IF IT'S MINED, PROCESSED OR MOVED 
. » ITS A JOB FOR JEFFREY! 
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can always be purchased from the 
manufacturer of the equipment. If the 
required sprocket is carefully speci- 
fied, however, there is no reason to go 
to the original manufacturer for re 
placement, This has the additional ad 
vantage of permitting competitive pur 
chase and applies to a large majority 
of the other chain-and-flight equip 
ment, as well as to the sprockets 


Clutches and Drives 


Objection to sawtooth-type 
lings on drive 
largely on the high breakage rate ex 
perienced. The key-and-keyway type 
eliminated this difficulty to a great ex 
Usually it is a slightly cheaper 


coup 


equipment is based 


tent 


type of clutch and operation with it 
seems equally as satisfactory 
Another 
trouble resulted from the direct cou 
pling of a drive motor to the gearbox 


source of considerable 


mechanism. For some reason, align 
ments were most difficult to maintain 
and failure of alignment resulted in 
motor troubles, and fre 
quent repairs. In lieu of the original 
equipment several \-belt drive con 
nections have been installed between 
These have complete 


breakage, 


motor and box 
ly solved the problem 

Another design characteristic in one 
of the plants, which also has been seen 
in several others, is the use of a full 
length wood partition between sections 
a basin is separated into two 
parallel Lhe 


course, is to prevent short circuiting o1 


where 
sections purpose, oO! 
crossover of flow between the two sec 
tions. Two of the Hampton Roads 
plants do not have such a longitudinal 
baffle, 
hetween the plants in the efficiency ot 


Phe 


ope rated and ce rtainly 


vet no difference is observable 


function basins are more easily 


more easily 
maintained if the baffles are not used 


Other Comments 


Other comments regarding particu 
lar points of design that it 1s felt have 
affected maintenance and operation 
concern the provision of sludge wells 
and suitable tel scoping valves in the 
well and the 


tively 


question of rela 


and 


using 
new untried desig! or 
t pes of equip nt 

\t the 
not equipped with a sludge well and 
that direct 
pumping from each basin is required, 
it is a continuous problem of training, 


| lampton Roads plant 


one 


' 
telies¢ oping valves. sO 


retraining, and threatening to keep 


operators from either inadequately 
pumping 
from over-pumping to the digesters 
In spite of all the good theory as to 
taking regular 


from the sludge pump, experience in 


sludge or, equally as bad 


control by samples 


dicates that in practice this method of 
sludge removal too frequently is the 
cause of either over- or under-pump 
ing the basins 

The word of caution as to the un 
tried stems from relatively few such 
conditions existing in the local plants 
Nevertheless, as with practically every 
plant, some do exist. Generally it is 
preferable to have had the “gimmicks” 
given a thorough trial by somebody 
else and to use only proven designs 


Maintenance Standard 


Probably the most difficult job faced 
by anyone is to secure and keep a con 
tinuously adequate maintenance stand 
ard. This applies equally to primary 
units as to some of the more complex 
equipment or functions, The difficul 
ties at Hampton Roads were normal 
and to be expected, in that within a 
period of one year the Commission 
placed in operation its 3 treatment 
plants, some 30 pumping stations, and 
some 65 mi, Of major interceptor sew 
just as 
one example, approximately 325 elec 
tric motors, totaling more than 2,400 
hp.; also, more than 2.5 mi. of pintle 
chain is used, mostly in primary treat 
ment units. 


ers. There are in the system, 


Che Commission had no existing o1 


ganization from which it could ex 
pand, The present operating person 
nel, now totaling about 70 employees, 
has been recruited, trained, and held 
responsible for functions in which 


had 


with one or two ¢ xecptions, 


they absolutely no experience, 
just 
\lso, there has been a con 
stant heavy personnel turnover due to 
the status of the 
Hampton Roads area and the fact that 


competitive employers had a virtually 


five 
years ago 


~ 


critical ce lense 


complete disregard for pay scales if 
the, needed a man 
lhe treatment plant are operated 
basically on a system that place s one 
man in responsible charge of routine 
maintenance, including repairs and re 
placements of a minor nature, and lu 
brication. Major replacement or repair 
is the responsibility of a maintenance 
section, which is available for work in 


or outside of the treatment plant 


Maintenance Records 


The employee re sponsible tor rou 
tine 
quired to keep complete records on 


maintenance in the plant is re 


each and to a 
complish his functions on a planned 
schedule, complian e being noted each 
time the function is performed, A 

tem of 5-in. by 8-in. maintenance cards 
well 


piece of equipment 


is used on primary treatment as 
as other units 
y mod 


[he record system ts genera 


R-249 


eled after the army system | 1), al 
though the basic system has been sim 
plited in many ways. Two cards are 
kept on each unit of mechanical equip 
ment. One is an equipment 
the other is an inspection and service 
record, The equipment record card has 
on the front complete data as to that 
unit. (For example, on a motor the 
serial number, style, frame, class, and 
other available characteristics ot 


record r 


any 
nomenclature is noted. ) 

Such a card is made up for each 
motor, gearbox, chain assembly, et« 
It is also valuable as a permanent re« 
ord for needed replacements and 
helps greatly to assure that orders will 
be placed in propel form to avoid con 
fusion on the part of the supplier as 
to what is needed, On the bottom and 
back of the card there is a space for 
entry of non-routine types of main 
tenance or checks 

For example, all motors are re 
sistance tested with a “megger” at reg 
ular intervals by the electrician, who 
at the same time takes ampere read 
ings and observes the condition of the 
If wind 
ing resistance varies, indicating insu 
lation failure, the motor is dried out o1 
othe whatever 
Likewise, an in 


motor, These data are noted 


checks are made to 


extent is indicated 
crease in ampere reading indicates e» 
ditheulty 


and the cause is sought out and cot 


cessive loading or similar 

rected before serious trouble 
\t the time of the check a notation i 
including with 
initials of the per 
son in charge of the work 


occul 


made of the work done, 
it the date and the 


[he second card, covering routine 
inspection and service, includes on the 
front a summary of maintenance and 
For f 
ple, the front of the card night 
lub 

change ol 
check 
back 


of this card the plant maintenance man 
enters the 


lubrication requirements xam 
how 
each 6 


a) motor bearings 


three 


gearbox 
months, 


months, 
every and (c) 
gearbox oil each month, On the 


work done, either by re ler 
ence number to the function required 
on the front of the card, or by des« rip 
tion, showing also the date of service 
and his initials 


separate ly cla 


ihed 
isa guide to the work that needs to 
he performed 
record, 


accomplished and as to the 


I he cards are 


They furnish a perma 
nent both as to maintenance 
mainte 
nance requirements over a period of 
time, on equipment of various make 
and types 


As an 


equipme nt, an 


adjunct to maintenance of 


extensive effort ha 


been made to secure manufacturer’ 
section drawings of each 
that 


ivailable as a guide to the proper dj 


shop and 


piece of equipment 8) data are 
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NOW -A Proven 
Teammate for the 
COMMINUTOR screening 
and cutting machine 


The BARMINUTOR. 


screening and comminuting machine 


Gives Same Clean, 
Continuous Disposal 

of Coarse Sewage Matter 
... without Removal 
from Channel 


No disposal problems, no unpleasant 
servicing—the BARMINUTOR sereen- 
ing and comminuting machine cuts all 
coarse sewage material into small. 
readily settleable solids without re- 
moval from the channel eliminates 
raking, burial, incineration and grind- 
ing. The operation is continuous: man- 
ual attention is unnecessary except for 
periodic lubrication, inspection and 
cutter sharpening. Power requirements 
are lower than for mechanically raked 
screens and grinders. Since all cutting 
is done above the grit line, wear is 
greatly reduced. Proved economical de- 
sign of cutting parts provides low cost 


replacement. 


IDEAL FOR TREATMENT PLANTS, 
PUMPING STATIONS, OUT-FALL SEWERS 


The BARMINUTOR sereening and 
comminuting machine can be installed 
in existing influent channels from one 
to twelve feet wide. No special basin or 
channel shape is required. Descriptive 
literature and engineering data is avail- 
able on request. Write Dept. M. 
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BARMINUTOR Model A for 
handling large flows eco- 
nomically. 


Close-up of cutters and 
combs. Cutters rotate within 
slots of both bar and comb. 


EFFECTIVENESS PROVED 


Over 4000 COMMINU TOR sereening and cutting 
machines installed since their development by the 
Chicago Pump Company 21 years ago stand be- 
hind the BARMINUTOR screening and comminut- 
ing machine. More than five years of actual opera- 
tion preceeded the installation of the BARMINU- 
TOR sereening and comminuting machine at a 
number of modern treatment plants. At the In- 
dianapolis, Indiana Sewage Plant, a BARMINU.- 
POR sereening and comminuting machine was 
subjected to test loads of sereenings up to six times 
the normal 40 M.G.D. load. Comminution time: 
6 minutes. Head loss: not in excess of 6”. 








Aer-Degritter and Comminutor installation, Mayfield, Kentucky 
Design flow 1.5 M.G.D. Russell, Axon & Associates, Engineers 


AER-DEGRITTER 


Air Controlled Settling Velocities POINTS OF SUPERIORITY OF THE 


Independent of Flow 


The Aer-Degritter® removes grit and sand from sewage 
through the use of air to effect a controlled velocity of 
the sewage in the grit tank. The method provides a 
quiescent zone beneath the air diffusion media to effect 
a selective deposition of clean grit without organics. 
There is no need for separate grit washing tanks. Wash- 


ing and deposition are effected in a single tank. 


The principle of air controlled velocities was first 
demonstrated in sewage treatment plants designed by 
the office of Charles H. Hurd, Consulting Engineer. The 
Hurd method, using diffuser plates located behind the 
hopper, was an improvement over the then practiced 
means of controlling grit tank velocities. The Aer-De- 
gritter® using diffuser tubes located directly above the 


hopper is, in turn, an improvement on the Hurd method. 


CHICAGO PUMP COMPANY 


Subsidiary of Food Machinery and Chemical Corporation 
SEWAGE EQUIPMENT DIVISION 
$22 DIVERSEY PARKWAY © CHICAGO 14, ILLINOIS 


Fiosh Kleen, Seru-Peller, Plunger Swing Dit Stationery Diff 
Horizontal and Vertical Non-Clogs f | Mechanics! Aerators, Combination 
Wate: Seal Pumping Units, Sample: Aeretor-Claritiers, Comminetors 














AER-DEGRITTER* 


1. Relative location of grit hopper and 
air diffusers. in the Aer-Degritter* the diffusers are 
elevated above the tank floor and the grit hopper is di 
rectly beneath the air diffusers. This permits greater flexi 
bility of control of tank bottom velocities regardiess of 
volume of sewage flow. It is these bottom velocities that 
control the deposition of clean grit and fine sand without 
also depositing organic material, Tests made on grit re 
moved by Aer-Degritters* have consistently shown less 
than 0.05% putrescibles. 


2. The equipment used to introduce air 


to the sewage. The use of Swing Diffusers and 
Precision Diffuser Tubes permits easy access to the grit 
hopper and cleaning of the diffuser media without taking 
the tank out of service 

*The application of the equipment, as well as the equipment 


iteell is covered by U.S. Patents No. 2,532,457, No. 2,144,385 
Ne. 2,328,655 and Ne. 2,555,201 


OVER 60 AER-DEGRITTERS IN ™ 


OPERATION IN LARGE AND SMALL PLANTS 
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Just as no two sets of finger prints are 
ever alike, so, too, are all sewage and waste treatmen’ 
problems different. Velocities, head loss, capacities, site 
conditions, tank or chamber hydraulic conditions, and many ota 
factors vary from plant to plant. That is why we at Chain Belt 
have no standard answer to a treatment problem. We study 
each application carefully, and from our broad 
background of experience recommend the type and 
size of equipment you need for most efficient, 
economical results. From the broad range of 
Chain Belt Sewage and Waste Treatment Equipment, 
we select the exact units that can be best 
adapted to your particular conditions. 


So, don't just specify equipment. Ask your nearest 
Rex Sales Engineer to work with you to assure 
the results you want, or write 
direct to Chain Belt Company, 
4610 W. Greenfield Ave., 
Milwaukee 1, Wis. 


CHAI N BELT COMPANY 


1955 
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ssembly or reassembly of equipment 
and as a further check on the exact 
type or number of parts for ordering 
purposes. During the past two years 
operation has been taken over of a few 
installations including relatively old 
where this information is 
Inability to obtain the 
several has 


equipment 
ot available. 

information in 
resulted in delay of work on the equip 
ment and in obtaining incorrect re 
placement parts they were 
As a result of this experience, 
it is deemed most essential to accumu 
late this information while equipment 
is relatively new and standard and the 
information regarding it is available 
from the manufacturer. It might be 
added that the manufacturers of 
equipment in the District's plants, and 
this includes possibly 200 or more, 
have been most cooperative in furnish 
ing the information. In most instances 


instances 


when 


nee led 


they were more than glad to do so, as 
it permits them to render promptet 
ind more efficient service 


Outage Tags 


Despite moderate criticism of the 
gimmicks” that designers and manu 
facturers have given the plants the 
doubtful privilege of trying out, there 
probably are as many of “home” con 
ception as are likely to be found any 
including automatic propor 
tioning samplers, automatic chain 
vilers, and several others 


where, 


One of the most valuable of these 
»f a simpler type is a bright yellow 
shipping tag, for which a rubber stamp 
was made with letters about 34-1n 
high saying “DANGER—DO NO] 
OPERATE.” There is sufficient space 
on the card for notes as to the reason 
and who said so 
attached and whenever any piece of 
equipment is found—by the electri 
clan, maintenance toreman, or anyone 


Chis card has a string 


else—to be in a dangerous condition or 
otherwise unsuitable for operation un 
til some change or repair is made, the 
tag is hung conspicuously on the 
equipment or on its controls 

This simple bright yellow tag has 
nade a material difference in the de 
gree of trouble encountered and has 
been responsible for saving several 
pieces of equipment that might other 
suffered major damage 
at Hampton Roads, 
large number of 
people have some duty to perform in 
connection with separated units of the 


wise hav e 
Particularly, as 


where a relatively 


yperations, there was a strong tend 


ency to let the equipment go when first 
signs of trouble were noted, or not to 
pass on the word to others who would 


} 


interested. Use of the card seems to 


encourage taking equipment out of 


operation until it is adequately checked 
out for use 


Personnel Problems 


Routine operation of primary treat 


ment units is more closely related to 


personnel and the usual personnel fac 

tors than to any other single influence 
lf it were possible to keep the same 
group of operators in the plants for an 


average of at least four or five years, 
and 
maintenance would reflect a degree of 
improvement unlikely to be equalled 
by any other single factor. With the 
two-fold objective of, most important, 


the costs, treatment efhciency, 


just being sure of getting help and, 
second, of trying to keep present help 
for longer average periods, the plant 
operators’ pay been in 

creased between 1949 and 1953 from a 
range of $2,412 to $2,772 to a present 
range of $3,168 to $3,744 per year 

Even with the current scale, turnover 
during the six-month period ending in 
May, 1953, in operators alone avert 


scales have 


aged 15 per cent. However, it is mate 
rially from 
early 1952, and the present 


reduced experience of 
improved 


pay scales offer more hope 


Basic Operation Factors 


Basically, operation of primary 
units three 
(a) prompt and 

settled sludge, 
(b) removal of odor-producing scums 


treatment involves only 
principle functions 
effective removal of 
from the tank, and (c) performance 
of necessary houses leaning and minot 
maintenance functions in a mannet 
which will unsightly condi 
tions or fouling of the treatment units 


or the 


prevent 


equipment integral to these 
units 

It is impossible to state the exact 
procedure that should he followed in 
the removal of sludge in a that 
will apply to plants of different loca 
tion, different slightly 
varied design, It may be interesting to 
pattern of 
operation, which is probably reason 
ably typical for the larger plants 

The plants are operated by three 
shifts of personnel, Each primary sed 


Way 
loading, of 


review the Commission’s 


imentation unit is operated on a basis 
of five cycles daily, with one being 
scheduled on the night shift ( midnight 
to 8:00 A.M 

shifts (8-00 
4:00 p.m. to midnight 
the following procedure is followed 

rhe main flight mechanism is oper 

ated long enough to carry the flights 
once the full length of the basin: that 
is, 1f a flight is at the bottom effluent 
end of the basin the equipment is run 
long enough to bring this flight to the 
sludge hopper at the influent end, This 


) and two each on the day 
A.M. to 4:00 P.M. and 
(On each cycle 


R-253 


requires approximately 1 hr, The cross 
collectors are started after the main 
flights are stopped, and remain in op 
eration until sludge withdrawal is 
complete. This cannot be followed as 
an exact pattern where shallow sludge 
hoppers are used, as in the Boat Har 
bor plant, which is equipped with 
flight-type cross collectors, Here the 
storage is inadequate in the hopper 
and the cross collectors must be oper 
ated for a few minutes before the main 
flights are stopped, most of the sludge 
being pumped while both the main 
flights and the cross collectors are in 
operation, Sludge is withdrawn at as 
even a rate as is practicable to the 
sludge well, where one is available, o1 
by direct pumpage at the minimum 
practicable rate where the well and 
telescoping valve is not available, Time 
of withdrawal using telescoping valves 
and sludge wells is variable from as 
little as 3 hr. per day total up to 16 
or more hours; where sludge is 
pumped direct, from a minimum of 
about 6 to 11 or more hours per day 

lhe schedule of these operations 
can readily be adopted to local operat 
but conditions 
be studied, a schedule worked 
out in keeping with them, and opera 
tors must be alert to variations from 


ing conditions, these 


must 


the norm if one is to avoid sludge ris 
ing in the primary tanks due to inade 
quate removal, excessive wear on op 
erating equipment due to over use by 
unnecessary operation, overloading of 
the digester by pumping of too much 
thin sludge or plain sewage, or break 
age of flights and other equipment by 
excessive sludge accumulations 
\dequate operation necessarily de 
mands adequate operating records, in 
cluding records of primary unit oper 
ation, which should show the amount 
of sludge pumped, any discrepancies 
from normal operation, and any spe 
cial functions of housekeeping, parts 
performed. Accu 
mulation of such records is the only 


replacement, ete 


means by which an economical and ef 
fective pattern of operation can be 
established over a period of time 
Operational duties also include sam 
pling in accordance with the estab 
lished schedule and interpretation of 
condition of 
sludge being withdrawn in a proper 
manner. As with most 


observations, such as 
treat 
ment personnel, the plant operator 

ability to understand the fundamentals 
of what he is doing and to reason logi 


SC WwW age 


cally as to the effect which his proce 
dures will have on the over-all opera 
tion is the most important single factor 

results to be obtained. Of our 
three shifts each day, two are cove red 
in each of the three Hampton Roads 


plants by a single operator who is on 
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ich | c been made ay uilable 
chedule lhe maintenance and operation s 
In conclusior , tructure cured largely govern the effective iit 


of the structures and equipment tor 
which the capital was ¢ xpended, and 


er uipment ror ewage treatment x 
the degree to which it performs the 


clusive of transmission facilities, rep 


resents at Hampton Roads an invest . 
. functions for which it was intended. It 
nent of approximate S50 per service - ; - 
, is, therefore, mnperative that the nec 
unit connected to the system | 1S 18 , 
, (ssary money be made available as 
relatively low hygure {Jperating costs 


ror hot maintenance at | operation of 


well as that it be spent wisely, in order 
to safeguard both the useful life and 
the three treatment plat iS approx! the effective use of the facilities being 
ately $2.85 per unit served per year held in trust 
\nnual operating and maintenance 
tofthe Reference 


cost I approximately 9 per cent « 


lightly more than $5,000,000 capital 1 U.S. War De 
ventitive Maintens 
age Treatment Plant 


tem at Fixed 


| til 1] 
full ute initia pent on treatment facil 


‘ | 

m aut at present being approximately 
ial duties ¢ le $20 per million gallons treat by any Dept. Tech. Mar 
Printing Off 


uall perio irdstic] the money pent opera 
Sept.. 1945 


' 
itor and helper, or | tion and maintenance ts ; nall share 


tive chet 
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is, tule ean jaits, « ms, struts, etc., tor any ordinary 
emperature difference. It makes “longhand figuring” unneces 
ary. Simply lay a straight-edge across the chart once or stretch 
i fine black thread across ; nf cated by the dotted line, and 
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Example: 1 ertain pipe line 100 ft. long is subjected t 
temperature variation of 100 deg. F., what will be the tota 
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g. temperature difference, column A, 
lumn C. The intersection with column 
I That is all there is to it 


io ] 
o 
A 


for determining the allowable 

a definite amount of space is 

expansion and contraction. Thus if the length of 
100 ft. and the allowable expansion is 0.8 in. the 
show that a temperature difference of 100 deg 
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WHLRER PROCES 


Equipment for All Water, Sewage and 
Waste Treatment Processes 


WATER TREATMENT 


CLARIFLOW — a short retention, vertical rise 
clarification unit combining chemical homo- 
genizing, flocculation, clarification and positive 
sludge removal for softening and turbidity, 
color and algea removal. Designed for rectan- 
gular, square or circular basins. 


CARBALL— produces a clean, tasteless CO, 
gas for carbonation. Burns either oil or gas at 
high temperature and pressure resulting in 
dry, clean CO, suitable for direct diffusion into 
carbonation chamber 


SEWAGE AND WASTE TREATMENT 


HEAT-X—a complete diges gas, singly or in combination. 
ter sludge heating unit includ Absolute and independent 
ing heat exchanger, boiler, control over each function of 
burner and all controls. Burns sludge heating. 


niin dani ?, ahem 

sewage gas, of and natural DIFFUSAIR — aeration equip 
ment for mixing and oxygena 
tion of tank liquors. Self 
cleaning air Spargers do not 
clog or cause back pressure 
build-up on blowers. High rate 
tank turn-over and oxygena- 
tion results in greater plant 
capacity 


INDUSTRIAL THICKENER—adapts COLLECTORS—for sludge removal in 
the CLARIFLOW principle to blast fur- _ rectangular, square or circular sedimenta 
nace flue dust thickening, oil separation tion basins. Wide range of capacities and 
paper stock reclamation and other applica sizes to meet all water, sewage and indus 
tions. Permits reuse of process water and trial treatment requirements. Designed to 
reclamation of valuable waste on many in- suit the most exacting specifications. 
dustrial installations. 


WALKER PROCESS EQUIPMENT INC. + Aurora, Illinois 
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87th YEAR 
108 North Broadway 
AURORA, ILLINOIS 


Water Purification Equipment 
RESEARCH - ENGINEERING - MANUFACTURING 


Offices: Chicago * New York * Cleveland + Cincinnati + Kansas City * Soles Representatives throughout the World 





PROCESS ... AND EQUIPMENT . . . FOR SEWAGE AND INDUSTRIAL WASTE 


ACTIVATED SLUDGE TREATMENT 
BIO-ACTIVATION PROCESS BOD 


process combining and utilizing the best 
qualit s of trickling filters and activated 
sludge in two stages and in such a manner the 


a patented removals of 


intermediate 
that each stage operates under optimum 
conditions and at maximum efhcency 
Primary treatment is followed by high 
capacity filters and short period inter 
initial high 


Send for Bulletin 259-B 


handled by the 
without the 


mediate sedimentation. Here 


A Typical Bio-Activation Plant 
Consists of a circulating 
assembly, As liquor 
drawn in 


pump 


MECHANICAL AERATION 
with downdraft tube and hydraucone 
bubbles of au are 


pump fanve 
This mixture is ejected 


passes through the 
ind intimately mixed with the sewage 
it high velocity across the tank floor, Conseque ntly, entrained 
wross the tank, and fine au 
supply sufficient oxygen 
installa 


large 


‘ir is distributed uniformly 


rising slowly to the surtace 
to maintain the activated sludge 

tions AMERICAN” Aerators are 
tanks without dividing walls because the pattern of recircu 
baffles between the units, thereby 


bubbles 
process For large 


installed in single, 


lation sets up hydraulic 
climinating any possibility of short circuits 

Send for Bulletin 265-A 

Injects an intimate mixture of liquor and 
aeration tank. No other method of 


JET AERATION 
finely divided air into the 
eration produces the unusually high rate of oxygen absorp 
Additional aeration economically 


tion at remarkably low cost 
Present diffuser plate or tube 


provided for existing plants 

installations easily replaced 
Send for Bulletin 265-A 

ROTARY DISTRIBUTORS Reaction and Positive 


The Reaction type is manufactured with 2, 3, 4, or 6 arms, In 
weneral, the 3 arm distributor has the advantage of minimum 


Drive Types 


wind effect, low starting imertia, and perfect balance. The Posi 
tive Drive type is rotated continuously independent of the 
sewage flow, by a motorized gear reduction unit. It is used 
under conditions of low available head and wide variations in 
flow AMERICAN” Distributors are equipped with a pat 
ented dual oil seal which eliminates troublesome and costly 


mercury bearing surfaces, and will withstand at 


least 10° of water pressure 
Send for Technical Supplement “RD 


protects 
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filter 

considerably reduces the 
primary effluent, the liquor can be readily 
activated sludge 


obtained before 
sewage is passed to aeration tanks where 
activated sludge is developed. Because of 
treatment which 


strength of the 


process 


usual upsets caused by ex 
ceptional conditions and shock loads 





Send for Technical 
Supplement TV on 
Telescoping Sludge 


Valve 


GRIT REMOVAL 


AMERICAN CAMP REGULATOR—an adjustable 
control to maintain velocity of sewage flow thru 
grit ch is at op rate, regardiess of rate 
of flow thru plant 

Send for Technical Supplement “CR 
GRIT CONVEYOR — single strand, drag type 
Carries grit to hopper for washing and removal 


GRIT HYOROWASH— grit washed free of organic 
matter by turbulent downflow recirculation of 
liquor in grit 

GRIT ELEVATOR—-tube type, totally enclosed for 
lifting well-drained grit to desired height. Manual! 
or asutometic operation 


Send for Bulletin 249-A 





UNIT BAR 
SCREEN 


Mechanically 
Cleaned 
Completely 
Automatic ™“ 
with Exclusive Pivoted Rake Design 


SCREENING 


MECHANICALLY CLEANED BAR SCREEN ANDO 

INDER—designed for wide range of channel! 
widths, settings, and arrangements. Grinder at 
tached to sorting tray shredded screening» 
returned to sewage flow 


Send for Technical Supplement “MS 


PRE-TREATMENT 


GREASE FLOTATION UNIT—removes grease and 
oils, produces simultaneous aeration and agite 
tion, and oxidizes objectionable odors 


Send for Bulletin No. 260-A 


Fig. 5500 Sludge Pump 


SLUDGE REMOVAL 
POSITIVE FLIGHT CONVEYORS 


settling tanks 
CIRCULAR CLARIFIERS 


SLUDGE AND SEWAGE PUMPSFig. 5500 cut 
ting type primary sludge pump. Fig. 5100 en 
closed impeller type raw sewage pumps. Fig. 5600 
single vane impeller type sewage pumps. Fig 
3400 recirculation pumps. This line of horizontal 
and vertical pumps ranges in size from 3” to 18” 
inclusive, in capecity from 40 to 10,000 GPM 
and in head from 5° to 85 


Send for Bulletins No. 237-A, 250-A 
253-A, 261-A 


for rectangula 


for round settling tanks 





SECONDARY TREATMENT 


Mo" or the putrescible organic 
matter in sewage exists in finely 
divided suspended matter, colloidal 
matter or dissolved solids. The pur- 
pose of secondary sewage treatment 
is to convert this organic matter into 
inert mineral stable 
humus which will no longer create a 


substances or 


nuisance 

Secondary treatment is a 
“wet burning” It consists 
essentially of two steps, first a pre 
cipitation or adsorption of the organic 
matter in sewage on biological sur- 


sewage 


pre CESS. 


faces and secondly, a decomposition 
and oxidation of this organic matter 
by the biological organisms present in 
The first step has been 
termed, bioprecipitation and the se 


these slimes 


ond, biochemical oxidation 
large scale 


broad 


Historically, the first 
secondary treatment 
Next came intermittent 


followed by 


Was irl 


gation sand 
filtration ; 
tact 


activated sludge 


this was con 
then trickling filters and 
The latter two have 


important for 


beds, 


been the most more 


than 40 years 
Broad Irrigation 
Chis 


sewage to 


method 
relatively 
land and allowing the soil to absorb 


consists of applying 
level areas of 
farming of the land 
utilize 


sewage 


it. In some cases, 
so treated was attempted, to 
value of the 

Large areas of land are required (ap 
acre to 10,000 gal per 
objectionable 


the manurial 


proximately an 
day of 
conditions result with respect to flies 
This method of treatment 
has been eliminated, practically speal 


sewage ) and 


and odors 
ing, except for a modified version oft 
the process used in treating canning 


wastes 


Intermittent Sand Filtration 


Intermittent sand filters consist ot 
beds of sand or fine gravel some 2 to 
6 ft deep These beds are equipped 
with an underdrain system. Sewage 
is quickly and evenly applied over the 
bed 


to 3 davs, while the 


surface of the which is allowed 
to stand from 
liquid drains off and the organic mat 
ter 1s decomposed by biological activ 
ity Che beds 
must be permit the intet 


The 


will 


number of required 
enough to 
mittent standing period required 
intermittent filters 


remove practically all of the colloidal 


use O sand 
and non-settleable solids and will ox 
them but large are re 
quired and the process is slow. A few 
of these beds are still in use for sew 
but they are like 


idize areas 


age treatment more 


ly to be found in small installations 
in Florida for isolated motels, hous 
ing developments and for the treat 
ment of industrial wastes and digester 
decant liquor 


Contact Beds 
Contact beds consist of tanks filled 
with coarse gravel or broken stone 
to 14% in. in size. They are filled and 
emptied from a drain system in the 
bottom of the The tanks are 
from 4 to 6 ft deep and provision is 
made for filling and emptying on 
some time cycle. Operation is usually 
Fill with set 
full; discharge ; 


beds. 


ona four cycle basis 
tled 
and 


sewage; stand 
stand empty. The 
with four tanks in 

Voids in the stones tend to 
clogged, making cleaning necessary 
lhe effluent is usually non-putresci 
ble, but is turbid and high in bacterial 
content. Operating rates vary from 
0.1 to 0.5 mgd with a five foot depth 
Kew of 


cye le works 
rotation 


bec ome 


hest 


these beds are in operation 


today 


Trickling Filters and Activated Sludge 

\s indicated, these two methods of 
carrying on secondary treatment are 
the most important in modern prac 
their 


they will be discussed separately, lat 


tice. Because of importance, 


er in this issue 


Plain Aeration 

This treatment pro 
longed aeration without the return of 
sludge. In this, it differs from acti 
vated sludge treatment. Approximate 
ly 70 per cent of the B.O.D. may be 
removed in 6 to 8 hours aeration. The 
effluent, however, is turbid. Sludge 
obtained from this process is gener 


consists of 


ally more dense than activated sludge 


lhe process requires approximately 


0.4 to 0.7 cu ft of 
sewage treated 


air pet gallon of 


Contact Aeration 
Another method of secondary treat 


the contact 
addition of air 


ment 1s a combination of 
bed of old and the 
Che Hays Process of contact aeration 
is a two stage method for supplying 
both surface area and dissolved ox) 
The first stage 
consists of a tank with vertical plates 
on 1% to 2% in The sur 
face area equals that of a contact bed 
six times as great in Settled 
enters at the the 
tank and flows upward between the 
tank plates, with the air introduced 
over the bottom of the tank through 
diffusers 


gen in a small area 


centers 


size.) 


sewage bottom of 


porous Sewage is drawn 


off at the top to a second aerator and 
thence to a final clarifier. 

Another modification of the contact 
bed is the Lakeside Engineering Co 
“Clarifilter”, a contact filter and clari 
fier within a common wall. Air is 
blown through sewage which passes 
down through radial ‘contact sheets”, 
then under a baffle and upward 
through the central clarifier zone 


Oxidation Ponds 


Oxidation Ponds sometimes called 
lagoons have been used in warm and 
semi-arid particularly in 
lexas and southern California. Either 
settled added to 
earth lagoons, 3 or 4 ft deep, with a 
retention capacity otf 


climates, 


raw of sewapye 15 


several weeks 
stabilization of 
matter 1s absorbed 


(Oxygen tor organ 
from the air 
produced by photosynthesis by algae 
Loadings of 40 Ib of B.O.D per 
acre per day are obtainable in warm 
climates 


and 


Proprietary Processes 


There are several proprietary pat 
Most of 
the activated 
although there 
some variations in trickling filter de 
sign and operation 
are discussed later in this issue undes 
their 


ented processes in existence 
these are variations of 


sludge process, are 


| hese proc esse 


respective categories 


Aids to Secondary Treatment 


The best aid to secondary treatment 
is proper control of the process, par 
ticularly in the activated 
Where trickling filters have 
been overloaded, pre-aeration of 


case oft 
sludge 
2 to 
3 hours has been effective in reducing 
the load on the filters by 25 to 40 
per cent 

‘Roughing Filters stone 
single-stage high-rate trickling filters, 
have effectively reduced overload 
and shock loads (20 to 30 per cent) 
on both activated sludge and tri kling 
filters Che addition of 
sewage betore its 


cours¢ 


chlorine to 
distribution on 
trickling filters reduces ponding and 
(DDT, ete 
for Pyschoda fly control. ) 
added to the effluent 
sludge 


Psychoda flies, is effective 

Chlorine 
from activated 
bulking 
sludge, apparently by controlling the 
hiological 


aerators reduces 


activity, particularly the 
growth of Sphaerotilus natans, which 
seem to cause severe bulking condi 

Magentite filters 
following secondary 


tions have been 


used treatment 
process to remove suspended matter 
and “polish” the effluent 
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TO LIFT STATION 


DIAGRAM 


Combination clarifier and sludge digester —for primary and secondary treatment 
—is securing results like these : 


45% Removal of B.O.D.—65% Removal of Suspended Solids— 
100% Removal of Settleable Solids. 


Solids removal is accomplished in the upper 
portion of the Spiragester by spiral downward 
flow of the influents introduced tangentially 
into an annular race, and enters clarification 
compartment at bottom. Diffusion is slow, 
uniform. 

Settled solids in the clarification section 
enter the digestion compartment, mix actively 
with digesting material and are attacked by 
organisms which stabilize the sludge. 

In the layout illustrated, secondary treat- 
ment is provided by a high capacity trickling 
filter and final sedimentation by a Spiraflo 
clarifier 


Ask for Typical Case History Performance Data. See your local Yeomans 
representative listed in the Yellow Pages of your telephone book under 


“Pumps,” or write factory direct. 





Yeomans Brothers Company, 1999-9 N. Ruby Street, Melrose Park, Illinois 








Manufacturers of: Distributors « Clarifiers « Digesters « Mechanical Aerators « 
Pneumatic Sewage Ejectors « Centrifugal Pumps 





W 


&5.W REFERENCE & DATA 1955 








TRICKLING FILTERS 


f jeter filters (also termed 
sprinkling or percolating filters ) 
onsist of beds of broken stone, slag, 
hollow tile, or from 
2 to 4 in. in size. Beds are usually 
6 to 8 ft deep but may be 3 ft or 10 


other material 


tt deep, depending on various factors 
of design. The stone or other material 
is laid underdrain 
which provides for both rapid dis 
charge of the liquid and ventilation 


above an system, 


\pplication of the se wage to the 
surface of the filter may be as a spray 
from fixed nozzles or from travelling 
distributors, either rotary (reaction 


or power driven) in circular beds o1 
bridge type in rectangular beds. For 
spray nozzle application, the sewage 
is discharged by automatic dosing ap 
paratus to obtain uniform distribution 
over the bed filter is 
ilternately dosed and rested with the 


resting px riod be ing the longer of the 


surtace he 


two. In travelling distributors, dos 
age 1s equal and constant over the di 
width of the bed: the rest 
ing period of any 
bed is equal to half the time for the 
full cycle of the 


ent 


ameter orf 


cross section ot the 
distributor move 


\s sewage flows downward through 
the filter it 


areas of rock covered with biological 


passes overt large surtace 


growths, or slimes. Colloidal and sus 
matter 

these 
thus stripping the sew 
These ad 


then 


pended and dissolved organi 
ind bacteria are adsorbed on 
slime surfaces 
of its 
mrbed 
posed by 


nd reduced 


putrescible load 
substances are decom 
microorganisms in the slime 
substances are oxidized 


arbon nitrates and 
and 


subsequent pas 


dioxide, water, 


nitrites are produced washed 


rom the slimes by 
sage of liquid 

lhe rate of ipplication of sewage 
to a trickling filter is determined by 
two tactors 
ROop 


ire usually 


hydraulic loading and 
loading. Standard rate filters 
loaded at rates of 1.5 to 
3.0 mgd per acre but this hydraulic 
loading cannot be independent of the 
B.O.D. loading which should be less 
than 1000 Ib of B.CO.D per toot 
per day. | 


acTe 
nder these conditions of 
standard rate filters will re 
from 70 to 90 per cent of the 
B.O.D.: the highet 


prevailing for OD 


loading, 
move 
ipphied emicien 
lower BD loadings 


High Rate Filters 


High rate 
to operate at 


trickling filters are ce 
load 
ings ef 15 to 35 mil gal per acre pet 
dav with B.O.D 3200 to 


hydraulic 


sig ed 


loadings of 


4800 Ib per acre-foot pet day (Le 
2 to 2.5 lb per cu vd of stone.) There 
are three types of high rate filters on 
Rio-filter” (Dorr Co.), 
( Yeomans 

( Infileo-Ine. ) 


the market ; 
‘Aero-Filter” 
\ccelo-Filter” 
The “Bio-Filter” is relatively 
low; all or part of the effluent from 
the filter is recirculated back to the 
influent to the primary sedimentation 
tank. The liquid which is recirculated 
may be taken from the underdrains 
of the filter or from the 
clarifier, Since this liquid contains 
some dissolved oxygen, its return to 


Bros.) and 


shal 


set ondar \ 


the primary tank reduces the B.O.D 
of the 
the weighted volumes of raw 


raw sewage in proportion to 
sewage 
and recirculated effluent 

Installations where strong raw sew 
age exists, use two-stage biohl 
tration, although the total filter vol 
ume is the same as a single 
two stage biofiltration, recirculation 1s 
B.0.D 


hnofiltration 


may 
stage In 
removal 


used for each stage 
in single stage may he 
from 80 to 90 per cent ; two stage bio 
hitration 
B.0).D. removal 

The “Aero-Filter has a 
distributor with outlets de 
signed to give high rate momentary 


distribution over the entire filter sur 


may produce 95 per cent 
special 


many 


face. Recirculation takes place from 
the final (secondary) clarifier efflue:t 
to the influent to the filter at a rate 
to insure a minimum hydraulic load 
ing of 10 mgd per acre. Two stag 
aero-filters produce better [B.0.D. re 
than 
when 60 to 65 per cent ot the filter 
media is in the first 

rhe lecelo-Filte) 
Huent from the bottom of the 
directly back to the top ot 
through the distributor 
principle has been applied 
standard rate high rate filter 
lor sewage, B.0).D. load 
ings of 2420 |b per acre-ft per da 
1.5 Ib per cu yd) are possible in sin 


moval single stage, especially 
stave 

circulates ef 
filter 
filter 
arm. This 
both to 
and 
domest 


where recircula 
100 to 200 per cent of 
In these filter 

preferable and 


gle stage operation 
tion rates are 
the raw sewage flow 

t-in. 1 
loadings are 
30 mil gal per acre per da 


stone sizes of 


hyvdrauli maintamed at 
less than 
There are other trick ling filters im 


addition to those mentioned Uhe 
Dorr “Duo-filter 
concentrically 
trickling filter s 


filtration 


is a two stage filter 
\nother 
termed “al 


arranged 
stem 1s 
used most 
filter 
ersing the filter 


ternate double 
lv in England it is a two stage 
arranged to pernnut res 


so that each filter may alter 
nately serve as the first stage. It has 
been found that this arrangement pro 
duces better results than sing 


sequence 


stage 


or ordinary two stage operation 


Secondary Clarification 


In trickling filters, the organic mat 
ter of the is converted mto 
micro-lnological protoplasm. This ap 
pears as slime growth on the surface 
of the 
washes off with each application of 
In standard or low rate hil 
slime growth sloughs off im 


sewage 


stones. Some of this growth 
sewage 
ters, the 
large quantities at autumn and spring 
This action ts 
In high rate fil 
ters, unloading 1s relatively constant 
For all types of filters, a 
tank follows the filter 
removal of this 
tanks are 
final 


seasonal changes 


termed unloading 


sedimenta 
tion to allow 
humus discharge 
termed secondary 
tanks. The 


secondar \ 


These 
humu 
settling 


clarifiers or 
sludge from thes 
tanks may be removed and dumped 
for fill on in modern 
practice is sludge di 


more commonly 
transferred to 


gestion tanks 


Aids to Trickling Filters 


\s pointed out in the discussion of 


secondary treatment proces everal 
aids are available to improve operat 
Roughing filters reduce 


shoc k and over loads 


ing results 
Chlorination be 
fore trickling filters reduces ponding 
and filter flies 


been 


Magnetite filters have 
to “polish” the effluent 
from trickling filtet 


used 


Small Plants 


Small trickling filter plant 
plete, (for example Yeoman 
‘Water Wheel Distributor’) 
handle as little as 1200 gal per da 
Flush Tank Co 


tributor nozzle 


Paciti take aD 
for from 5 to 15 pet 
son High rate trickling filter 
ment is available for flows as low a 
25,000 gal per day | he 
Duo-biltes is a 
Dorr “Clarige 
Imboft with 
a lio-bilter has been used for popula 
tions of 2500 


equip 
two-stage 
Dorr atlable i! 
mall capacities Ihe 


ter a mechanical tanh 


Package” piants for 25 to 500 per 


manufactured by a number 
of firms. In of these prac kage 
plants, primary sedimentation and di 


gestion as 


ons are 
sCoTiie 
well as secondary treatment 
is employed and the whol 
fitted 
designed to operate v ith a " 
of attention 


prac | “aye 


into a mimmum of space and 


ret 
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ACID RESISTANT * HIGH COMPRESSIVE STRENGTH * EASY TO LAY 


salt glazed 


UNIFILTER 


Tialel-isela-lia 


BLOCKS 


Whether it’s strength, acid and corrosion resist- 
ance, durability, low absorption, rapid flow char- 
acteristics --NATCO UNIFILTER salt glazed 
underdrain blocks more than meet the require- 
ments. They provide maximum drainage and 
ventilation capacity for either standard or high 
rate trickling filter sewage treatment plants. 
Moreover, they are easy to handle, easy to lay, 
and they are chemically inert and permanent 
in form 

These are more than claims—they are state- 
ments of fact based on records where NATCO 
UNIFILTER BLOCKS have been installed and 
are successfully performing .. . and that means 
in some of the largest sewage treatment plants 
in the world. 
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High-Rate Filter Performance’ 


| . IS unfortunate that the develop 
ment of high-rate filters has been 
so competitive, because each company 
promoting a certain type of filter has 
heen interested in giving publicity to 
results of operation that apparently 
show the superiority of the company’s 
type of filter. Certain helpful develop 
ments have occurred, such as approxi- 
mately continuous dosage, recircula 
tion, use of coarser media, uniform 
volumetric dosage and continuous dis 
charge of flocculated solids, but many 
of the curves, formulae and assump 
tions derived from filter operation ac 
tually rest upon a deficiency of the 
B.O.D. determination; namely, that 
the same 5-day B.O.D. result can be 
obtained whether or not there is mi 
trification of the applied ammonia ni 
trogen 

Che writer makes no claim that it ts 
necessary to oxidize the ammonia ni 
trogen, with reference to conditions of 
disposal, but from the standpoint of 
work done by the filter it makes a lot 
of difference whether the treated ef 
fluent is in the first or second stage of 
the B.O.D. curve, and filter volume 
giving low rates of application is nec 
essary if one wants to accomplish 
complete treatment by a filter 


Early Investigations 


The Sanitary District of Chicago 
became interested in high-rate filters 
in 1935 and Halvorson’s filter in Min 
neapolis was visited, followed by the 
installation of an experimental 20-ft 
filter in Chicago. Later a Jenks two 
stage shallow filter was operated for 
The summarized results of 
operation of these filters are shown in 


lable | 


two years 


by F. W. MOHLMAN 


Director of Laboratories, Sanitary District of Chicago 


At rates of 28 mgad. the B.O.D. in 
the effluent was 31 to 44 ppm., cor- 
responding to about 50 per cent re- 
duction from the influent, and sus 
pended matter in the settled effluent 
ran from 28 to 54 ppm. Later, the 
shallow recirculated filter, at a rate 
of 21 mgad., yielded an effluent con- 
taining 31 ppm. B.O.D. and 37 ppm 
susp. solids, removing 1,347 Ib B.O.D 
per acre-ft. and producing 3.6 ppm 
nitrate plus nitrate nitrogen 

The best of these results, however, 
was far from satisfying the require- 
ments of dilution imposed upon the 
District by the Supreme Court, so 
high-rate filters were abandoned in 
favor of activated sludge treatment, 
which produces effluents with only & 
to 15 ppm. B.O.D. and corespondingly 
low suspended solids 

\s the years have passed, numer 
ous contributions have been made by 
the promoters of high-rate filters, with 
all possible consideration of the fa 
vorable factors. it is quite evident that 
a renaissance has occurred in the 
theory of biological filtration as ex 
emplified by trickling filters, namely, 
the principles of low-rate application 
of load by nearly continuous covet 
age of surface “raindrop” application, 
uniform unloading of solids, thorough 
secondary settling, recirculation of all 
varieties, and improved dosing ap 
paratus 


Recent Studies 


Many investigations have also been 
made by disinterested parties, such as 
the Walton investigations sponsored 
by the state sanitary engineers of the 
Upper Mississippi Basin, the 
marized results reported by 


sum 
Dreier 


TABLE 1 
Sanitary District of Chicago High-Rate Filter Studies 


Lb 
8.0.0 
Period of 
Operation 


Type 
Filter lation 


(% 


Rate 
m.g.a.d 


per 
Acre Ft 


1187 
1,079 


Deep 
Shallow 


Deep 198 


618, by permissio 


Recircu- Removed 
Filter 


B.0.D. (p.p.m Susp. Solids (p.p.m.) Nitrate 


Effi Efi. Nitrate 


Final ciency Filter Final ciency WN 
Inf %) Inf %) (p.p.m 


j 


73 


(Sew. Wks. Jour., July, 1946; Wate 
and Sewage Works, Jan., 1947) and 
the report of the National Research 


Treatment at 


Wks 


Council on 
Military Installations” 
Jour., Sept., 1946) 

rhe trickling filter results in the lat 
ter report were re-arranged in Tables 
VIII, IX, X and XI of the concluding 
summary report compiled by the NRC 
Subcommittee on Sewage Treatment 
in Military Installations and published 
in the January, 1948 issue of Sew. 
Wks. Jour. The tables group the data 
for four classes of filters: (1) deep, 
with no recirculation, (2) deep, with 
recirculation, (3) shallow, with re- 
circulation, and (4) two-stage. The 
plants are arranged in the order of 
filtration loads, and some nitrification 
results are shown. Reference is made 


sewage 
( Sew 


to these tables in the following dis 
cussion 

Table VIII in the summary report 
(Sew. Wks. Jour., Jan., 1948, page 
73) shows the first series. These fil- 
ters were all about 6 ft. deep and in 
most cases the load was quite low 
Chus they could be classified as stand 
ard-rate trickling filters 

\t loadings up to 720 Ib. per acre 
ft., except for the Fort Sheridan filter, 
the filters plus secondary settling tanks 
removed 85 to 92 per cent of the ap- 
plied B.O.D., and the overall removal 
varied from 91.5 to 95.0 per cent. 
Fort Sheridan gave anomalous re- 
sults, showing poor removals prob- 
ably primary 
settling period, pooling, and high ap- 
plication rates resulting from exces 
resting periods. Nozzles dis- 
charged only 4.5 minutes out of 25, 
giving a very high momentary rate 


because of excessive 


sive 


Nitrification continued quite well up 
through the loading rate of 377 Ib 
B.O.D. per acre-ft., but fell off at 429 
and especially at 720 lb. per acre-foot. 
The low degree of nitrification at Ft 
Benjamin Harrison—only 1.5 ppm 
ntrite plus nitrate nitrogen—appears 
questionable with the 429 Ib. loading, 
since the ammonia N decreased from 
21.1 ppm. in the influent to the filter 
to only 6.1 ppm. in the filter effluent 
Since surely more than 1.5 ppm. of 
this loss was nitrified it may be con 
cluded that nitrification was active up 
to 720 Ib. loading of B.O.D per acre 
root 

Che second series of filters (Table 
IX, NRC summary report, Sew. Wks 
Jour., Jan., 1948, page 74) shows re 
sults for eleven plants, with loadings 
from 245 to 5,750 lb per acre-ft., and 
recirculation of from 24 to 358 per 
W.&S.W. 
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TABLE 2 
Summary of Trickling Filter Plant Operation 


No Plants Group Designation 


e. Ot the 

is not ver el 

Ht). but re 
ded solids was ¢ 
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,a loading ot | 1/0 
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around 
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| | 
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and 
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ited in 


now wet 
removal he 
Cali 


iT the 


outhe rh 


sural re 
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the N ke 
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results tor 
rates of recircula 
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xcept 
results due to exces 
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plants pave high 
2,320 Ih. load 


mitrifica 


on the 
ther three 

il up to 
| with no 
rave 11.3 ppm 
ind with 792 |b loading 


ive recirculation tat 


nitrate 


ds of economy 
ur plants gave poorer 
to 58 per cent overall 
at France War 
heavily loaded filter im 

tuches. Thi 
the final effluent 
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removal of 84.8 per 
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Range of 8.0.0 
Looding 
lb./ acre ff 


8.0.0 
Efficiency, 
Filter and Sec B.0.D B.O.D 
Settling Reduction Remaining 
, (% 
86.9 LZ 1.3 
92 


7.3 


Overall 


c 


J 


]O48 page //) hese results were all 
good at 
Warren, which was somewhat inferior 
given above. With the very 


5280 Ib 


moderate loading except 


for reason 
high loading of 


Robe rts vave 


_ 


quite inferior removals 
Discussion 

The individual results in lables 
Vill to XI of the NR¢ 
port have been summarized in various 
lable 1] vith 


trom 253 wa & 250 Ib per 


summary re 


groups mcreasing 


loadings 
iwre-foot. The first group deep hilters 
without recirculation, gave 93 per cent 


reduction and is character 


nitrification 


overall 
high and low 
volumetrnu and organ loads applied 

Next 
to be increased to 1,170 lb per acre-ft., 
and w general results improved as 
recirculation ratios increased, At Boca 


Raton a filter rate of 14.9 mgad. plus 


ized by 


recirculation enables the loads 


vave ani 
) 


cent recirculation 
effluent with only 16 ppm. B.O 

Recirculation thu 
siderably results from a deep filter at 
1.1/0 Ib per acre-tt application but 
recirculation 
i dilute 
filters 


»cY 
Pale: pe 


I 
improved con 


the rate of seems too 


high for such sewage 

Next 
lent results but most of the 
done in the first 

For higher 
2,000 Ib. pet 
with considerable 
280 to 1,050 per cent) were able to 


two-stage vave ¢ xcel 
work was 
Stay 

up to around 
acre-tt hlters 


recirculation (from 


loadings, 


shallow 


around 90 per cent overall 


BRiOoD 


produc ‘ 
Kearns, 
highest 


and, at 
with the 


reduction of 
considerable nitrate 
rate of recirculation 

\ mathematical analysis by D1 
Wks Jour Sept 
indicate that an SOO 


lhomas (Sew 
1946, page 975 
per cent recirculation 


} 
rate gives the 


MAXIMUM mecrease im capacity ot high 


rate filter 
Finally, at high rates of 


2.370 to 8.250 Ib per 


loading 
acre-ft 
those 


ow-rate filter 


trom 


results were quite inferior to 


] 


produced by a standard | 
It is interesting to note that load 
ings above 2,000 Ib. per acre-ft. re 


sulted in effluents containing | 


aroun 


Camp 


rall removals Ot 
This 
is far from the quality of an effluent 
standard low-rate filter opera 
tion, even though the loading is less 
than the 3.000-1b used 
of high-rate filters 
None of the filters loaded at ove 
2,000 Ib. B.O.D. per acre-ft. produced 
nitrihcation. bor the period during 
which nitrogen tests were made, som 
of the results are 
It will be noted that the 
substantial re 


loaded plat ts 


/ .4).D ve 
7 


$ per cent, and no nitrification 
trom 


rate in design 


shown below 
Ammonia 
nitrogen shows very 
duction in the lightly 
with corresponding high nitrates 
effluents. For plant, at 
loadings in excess of 974 Ib.. ammonia 


single Stage 


is reduced very little and there 
plants 


are lho 


nitrates lwo stage show ni 
trates 
Considerable oxidizing intensity i 


ammotia present requires 4 oxygen to 


necessary to promote nitrification 


1 nitrogen, or 4.56 times the decrease 
in ammonia This can re 
quire considerable air it 
sludge treatment, or filter surfaces, for 
oxidation, and therefore the dosing 
nitrification 1s to 


nitrogen 
activated 


rates must be low if 
occu#r 

It seems diffi ult 
fore, that effluents from high-rat 
filters, dosed at rates higher than 
1,000 Ib. B.O.D. per acre-ft per da 
are just as completely treated as ef 
fluents from standard low-rate filters 
There is a fallacy 
5-day B.O.D 


accomplished 


to believe . there 


in using only the 
to measure the results 

For many conditions of disposal 
however, a nitrified effluent is unne 
inte 
suffice, 


essary, and for such conditions. 


mediate grade effluents will 
such as those from chemical treat 
ment as well as from high-rate filters 
For Army camps, urgent as 
temporary, such filters were high! 
satisfactory. Are they as satisfactor 


for permanent use in municipal instal 


well as 


lations 


Ammonia 

Nitrogen 
lb as N 
8.0.0 P.p.m 

per Influ Nitrate 
Acre-Ft. entto Final N 


Post per Day Filter Ef 
Campbe 7 ; 3 


Nitrite 


P.p.m 
) 4 
Fitzsimor > - 
Berry. Harrisor 
Swift 
Leona Ww 
Carsor 
Drew Fie 
Jacks 
Knox 
Bragg 
Kearns AaAf 
Gordon? 
F. E. Warrer 
Claiborne 
First -stage 
2Two stage 


Recirculatior 





and must do its share 


settleable 


nh re 


oving the material in the 
ter effluent 

ledia size best 
treatment results have deter 
\ careful study of filter opet 


dor Ss not 


and type tor 
not been 
ined 
results con 


ting give al 


clusive basis for design. There 1s gen 
that the stone 
nor too large Prob 
$-in. rep 
and 


il agreement should 
too small 

to 3 in. or 3- to 
good general practice 
lhe 


the large 
units of 


desirable writer's preference 


vould be for stone, even 


the secondar two-stage 


lters Tile media have not been 
videly used, but 
considered for 


cording to Banister and Ellison (6), 


should certainly be 
strong se Wares \c 
tile block is a “uniform material, pet 
anent in character and selt-cleaning 
will The normal design 
vading for a tile media high-rate filter 


not pond 


of media, 
unit 10 pet 
filter 


is about 3.33 Ib. per cu. yd 


use Of a 


permitting the 


cent of the size of a low-rate 


Che small size permits economical 


] 
housing 


control and better 


thus providing odor control, 
treatment dur 

When a high 
degree of treatment is required and 
effluent 
content, these 


the winter months 


must have a low 


high-rate 


the final 


ene) filters 


te pertorman ol yt ‘ 
trickling filters is a matter of rec 


: hundred 


nulitary 


ra Somewhat over a such 


lters were built to serve 
establishments 
these there are a 


ata prepared h the 


ear h 


during the war. On 
the excellent 
National Re 
Sub-Committee on 
Military Instal 
records on 


used by 


vailable 


Council 
ewag | reatment at 
lation ] ( peration 


any of the high-rate filters 


unicipalities and industries are also 


allable, but these data are not gen 


authentic as 


tablish 


< omple te and 


the militar ‘ 


high rate 
in the 
the if 


pe oT 
ire described 
ulacturet or 
follows 
a tern applied to 


11 


norma! compara 


llow, which emplo the 
ll or part of the filter 


ly charge hack to the detention tan} 


tively a 


recirculation of all 


he recirculated filtet discharge may 
filter effluent, or clari 
effluent 


one classification 


secondary 
derflow or 


content 1 


trickling filter 


are tollowed by 


low-rate filters with 
stone media 

It is likely that two-stage filtration 
with the 


roughing 


will become more general, 
high-rate filters as 
filters carrying a very heavy 


use ot 
load, and 
with final treatment by secondary 
high-rate filters, low-rate filters or ac 
\ll these methods are 


in use, and with good results 


tivated sludge 
now 
rhe selection among them should be 
largely a matter of local conditions 

lt appears reasonable to say, as re 
gards high-rate filters, that a sound 
basis for design exists, but there ts 
no explanation of the fact that some 
installations perform in a superior 
manner. It has been a matter of in 
terest to the Investigate 
much of the data available to deter 
mine whether media size, underdrain 
age provisions, the character of the 


g 
as respects pH and alkalinity, 


writer to 


wate! 
and various other factors might have 
an important influence. None of these, 
with the possible exception of under 
drainage and ventilation, appears to 
have any effect on the quality of the 
effluent from a trickling filtet 
Perhaps it goes back to what I. H 
Waring terms the “treatability of the 
sewage.” That may be reflected in the 


B.0).D. characteristics of the sewage 


Discussion 
By W. A. HARDENBERGH 


Editor, Public Works Magazine, New York City 
group” having “a low momentary rate 
of sewage application whereby a high 
B.O.D. reduction 


process { 3) ap 


daily capacity fot 
his 
sewage over the media in a 


In the Aero-Filtet 


recirculation is used at periods of low 


is obtained 
plies the 
very thin film 

ge flow in order to maintain a 


sewag 
minimum necessary rate of application 
at which the distributor will 


properly ; it is also beneficial for treat 


function 


ing strong wastes 
Phe Accelo-Filter 


volves the direct 


(4) in 


recirculation of un 


tem 


settled effluent from a biological filter 
back to the inlet of the 
tor. This may be used 
either low-rate or high rate filter 

Reversible double filtration (5) 
trickling 


operated for two-stage 


filter distribu 
with 


proce 4s 


consists ot two filters ar 
ranged to be 
hltration with provision for reversing 
the sequence of the filters so that each 
alternate erve as the 
filter. Thi 


filter to be 


MA primar 


will al 
utilized 


eftectivene by ap 


and the secondar 
low the primary 
with maximum 
plying, for short periods, loadings ap 
proaching the limit of the capacity of 
the filter The 


secondar filter meat 
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and the rate of biochemical oxidation 
The NR¢ brought out the 
varying values of & in military 
lhe average value of k& tor do 


report 
sew 
ages 
mestic sewage ts 0.10, but the average 
value for the sewages al 16 military 
posts was 0.18. With & equal to 0.10 
the 5-day B.O.D 
cent of the ultimate B.O.D., but when 
k equals 0.18, the 5-day B.O.D. repre 
sents 87.4 per cent of the ultimate 

B.O.D. test 
for measuring operating 


represents 68 pet 


Thus, the may be a 
varying rule 
characteristics, with naturally varying 
results, It unlikely, 
that this is the 
variations m performance 
different plants. | 


sCCTHS however, 


sole reason for the 
noted at 
niformity of load 
ing and of sewage application is prob 
factor of at least some im 
Study of the other 


in design or operation that so mark 


ably a 
portance factors 
edly influence operating results fur 
an enticing held for future re 
search and investigation 


nishes 
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Flush Tank 


rks, 78, 9 (Sept., 1947) 


while will operate under much _ re 
duced loadings 

loadings for high-rate filters are 
now quite well established in the range 
of 3 Ib. of B.0.D, per 
cubi With 


primary 


raw sewage 


yard of tone per day 


the reduction obtained by 
treatment, the applied B.O.D. is gen 
erally designed to be a little | than 
4.000 Ib per 


| he re 1s ¢ vice nce, however 


2 lb. per cu. yd. or about 
Toot 


heavier 


acre 
that 


when recirculation i employed, In the 


loadings are po ible 


Yi xperimental work done by the | 
Public Health Service at Neosho. Mo., 
loadings in excess of 2.5 Ib. of B.0.D 
vd, were applied with no indi 
cation of a break from the straight 
line trend of Banister 
(6), using tile media for the 


per cu 
removal and 
Illison 
treatment of contain 


trong sewage 


ing mull pac king and canning waste 
report a normal loading of 3.3 Ib. of 
1.0.0. per cu. yd. of with a 


.0).D. removal of 70 to 75 per cent 


media 
ind nearly straightline 


‘ removal up 
to 6 Ib. or 


yard. With 
report a critical 
loading of about 4.5 Ib. of B.O.D. per 
POTD recirculation will 


more per cubs 


tone media, the 


Normall 
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» dilute the settled sew 


tre ngth 


be required te 


age to thi 


lwo tage treatment will accom 


results, even with 


pli h remarkable 


( amp Roberts (1), 
with a loading of 8,680 Ib. per acre-ft., 
than 5 Ib. per cu yd. of filter 
produced an effluent with an average 
trength of 53 ppm Fort Warren 
with a loading of 8,520 Ib per acre ft 
with 66 ppm 


hea, loading 


OT mere 


effluent 

and Fort Sill, with a loading of 6,440 

Ib.. or 4 Ib per cu vd., had an ef 
vith 26 ppm. of B.O ) 

The l-mgd. plant at Liberty, N. ‘ 

Iter 


produced il 


flue rit 


i two-stage biol was ce signed to 
eware loading of 3.1 Ib 

media. In July, 1944 
flow was 1.29 mgd.: the 
vape B.O.D 


ite Irom 4 a.m to 2 p.m 


handle i Taw 
per cu d. of 
the ay 


average Taw ( 


erage 
based on 
was 
520 ppn enting a 24-hour com 
360 to 370 ppm 


| repre 
posite of probably 
and the average effluent from the se 
clariher (VY a.m. to } p.m com 
ppm. B.O.D 


B.O.D 


ondat 
po ite contained 21 
The actual effluent 

during this month averaged 


le thar % ppm the 


} 


content 
slight! 
secondary clari 
fier effluent being passed through a 
mag! and chlorinated be 
for discharge into the 
result 1944 are about the 
as tho at have been attained con 

ter ince the plant was put 
fall of 1940 
which ac 
During 


etite | lter 
stream. ‘The 
sami 


into operation in the 


{ per itor i b one man, 


for the daytime tests 


coun} 


the winter, the plant is operated with 
out recirculation as a conventional 
trickling filter, with satisfactory re 
sults, since the population load is then 
much lower, Liberty being a summer 


resort 


Chere is a need for more knowledge 
the requirements for under 
drainage and ventilation in filters 
Certainly, adequate provision should 
he made to remove the liquid promptly 
and to provide air to the bed, not only 
when the plant is new but also after 
it has been im service tor many years 


about 


accumulated a considerable 


Those who have had 


and has 
organic growth 
the experience of removing the stone 
from an old filter will appreciate the 
found in 
few 


amount of material that is 
them, especially in the bottom 
inches through which the filtrate must 
pass and air must enter 


Pretreatment should be the _ best 
that can be provided. Anything that 
can be removed by settling results in 
that much less load on the secondary 
treatment units. The for 
good design and adequate provision 
in final settling is just as great. It is 
well to remember that the clarifier 
following the filter is essentially a 
with removal consistently less 


necessity 


cu yd , 
than for tile 

lwo of the plants noted in the NRC 
report were loaded considerably high 
er than the limits indicated 
Camp Callan, a deep filter employing 


above 


recirculation, had an average applied 
loading of 5,750 lb. per acre-ft. or 
more than 3.5 lb. per cubic yard. Re- 
moval was 4,280 Ib. per acre-ft., or 
74.5 per cent. The Fort Bragg filter, 
a shallow unit, had an applied load 
of 4,340 Ib. of B.O.D per acre-ft., or 
about 2.7 Ib. per cu. yd., and gave a 
removal of 80.7 per cent. Both of 
these plants employed recirculation 
The Great Lakes plant, a deep filter 
without recirculation, had a loading of 
2,130 Ib. per acre-ft., or 1.3 Ib. per 
cubic yard. Removal was 7/1 per cent 

Since B.O.D. removal is propor 
tional to the load applied, a higher 
B.O.D. loading will always result in 
an effluent containing a higher con 
centration of B.O.D. This applies to 
any particular process, but by means 
of recirculating or two-stage treat 
ment much better results can be ob 
tained than with a single passage of 
the sewage through the filter. Single 
stage high-rate filters without recir 
culation may accomplish a removal of 
70 per cent of the applied B.O.D., or 
sometimes a little better. With an ap- 
this means 
To ob 


only 30 


plied sewage of 200 ppm., 
an effluent with about 60 ppm 
tain an effluent containing 

ppm. of B.O.D., with the relatively 
standard loading of 3,000 Ib. per acre 
ft., or 1.86 lb. per cu. yd., recircula 
tion is necessary. According to Glop 
pen (3), in order to maintain an ef 
fluent of 30 ppm. B.O.D., the applied 
sewage should not exceed 135 ppm 
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ACTIVATED SLUDGE 


fhe \CTIVATED sludge process ol 
secondary treatment differs from 
trickling filter operation in that pre- 
cipitation and oxidation takes place on 
the extensive surfaces of active bio 
which are maintained 
in suspension in the sewage being 
treated. These biological flocs, which 
are termed, “activated sludge,” are 
moved freely through the liquid, ei 
ther by mechanical mixing or by agi- 
tation with air bubbles. This agitation 
brings air in contact with ever chang- 
ing surfaces of water, and dissolves 
oxygen in the liquid, thus becoming 
available to the organisms in the free 
floating activated sludge floc 

\s organic matter is adsorbed and 
decomposed on the floc, the floc grows 
in quantity and volume; therefore 
some of the sludge must be wasted 
Following the aeration period, the 
mixed liquor of sludge and treated 


logical flocs 


sewage passes to a secondary clarifier, 
where the sludge settles. A portion of 
this settled sludge is returned to the 
inlet end of the aeration units where 
settled sewage is also added and ex 
cess sludge is pumped to the sludge 


disp sal process 


Plant Characteristics 


\ctivated sludge plants require rel 
atively small land area and construc 
tion costs are lower than for trickling 
hilters 
higher than those of trickling filters 
because of the 
tor aeration. Tanks for aeration are 
usually 15 ft deep and long and as 
vice enough to produce the required 


Operation costs, however, are 


power requirements 


aeration time 

Diffused air may be added from 
porous plates or tubes, impingement 
ierators, jet aerators, fabric diffusers, 
etc. The air is introduced in such a 
manner as to create a spiral flow of 
sewage through the tank. Air blowers 
ind air filters are required. In an 
other method of enters 
from a central rotating shaft near the 
hottom of a tank and is dispersed by 


aeration alr 


a rotating paddle device (“Cavita 
tor } 

Mechanical aerators are either pad 
dle or vertical draft tube. In the for 
mer, a paddle wheel or brush revolves 
on a horizontal axis and is partly sub 
merged in the sewage In the latter, 
sewage is drawn up (or down) 
through a central tube by means of 
a revolving impeller, which provides 


both agitation and aeration 


Operation 


\ctivated sludge plants generally 


produce better results than trickling 
filters but require more attention and 
control. There should be some dis 
solved oxygen present in the influent 
end of the aeration tanks and at least 
2 ppm in the effluent from the aera 
tion tanks 

Aeration periods vary from 3 to 12 
hours (common 4 to 6 hr) depending 
on the installation, B.O.D. load, etc 
Air consumption varies from 0.35 to 
1.7 cu ft per gal of sewage (common 
0.7 to 1.2). Solids carried in the aera 
tion tank (termed mixed liquor sol 
ids) vary from 700 to 4000 ppm (nor 
mal 1000-2000 ppm ). On the average, 
activated sludge plants may be ex 
pected to produce an effluent (after 
final settling) with 10 to 20 ppm of 
suspended solids and 8 to 18 ppm of 
B.O.D. The stronger the sewage load, 
the higher the removal of solids and 
B.O.D 

Che quantity of excess sludge re 
moved is equal to 1 to 1% per cent of 
the volume of sewage treated. The 
volume of sludge returned to the aera 
tion tanks is from 15 to 40 per cent 
of the final clarifier sludge, and will 
depend on concentration of sludge 
solids in the final sludge and desired 
concentration of suspended solids in 
the aeration tank 

One of the problems is sludge bulk 
ing, wherein the sludge fails to settle 
properly in the final tank and goes 
out over the weir. Bulking may be 
controlled by chlorination and by con 
trolling the sludge index (weight of 
sludge per unit volume) plus tests on 
the activity of the sludge (i.e., its 
oxygen consumption per unit weight 
per unit time). Most mechanical aera 
tion plants are relatively small instal 
lations 


Modifications of Process 


Tapered aeration is a method of 
controlling the input of air (oxygen) 
at various points in the tank ( more air 
being added at the influent end) so 
that the aeration rate is tapered or 
regulated by determining the “ Nordell 
Number” (quantity of oxygen util 
ized in ppm per hour by weight ) 

Step Aeration is a modification, 
whereby the sewage is introduced at 
multiple points throughout the course 
of the flow of the returned sludge 
through the aeration tanks, Other 
terms for this method are “distributed 
loading,” “multiple-point dosing,” and 
“incremental feeding.” 

High Rate Actiwated Sludae 
“modified aeration,” 


Treat 
ment, or consists 
of short aeration periods and relative 
f return solids 


ly small amounts of 


Chis method is intermediate between 
primary sedimentation and high rate 
single stage trickling filters or acti 
vated sludge. The degree of treatment 
is controlled by the air supply, aera 
tion period, and amount of returned 
solids (usually 600 to 900 ppm). Low 
air supply, small tank capacity and 
dense excess sludge are possible 


Proprietary Processes 


is the trade 
Guggenheim 


Bio-chemical Process 
name applied to the 
process, which employs the addition 
of a coagulant (iron salts or alum) 
in the activated sludge process, the 
coagulant being added together with 
the return sludge to the aeration tank. 

P.F.T.-Kraus Process, or the “di 
gester liquor nitrification process”, 
operates on the principle of correct 
ing the carbon-nitrogen ratio in the 
food supply for the micro-organisms, 
Digester liquor or digested sludge (or 
a combination) is mixed with return 
and this mixture 


activated sludge 


added to one or more aeration tank 
units. The high ammonia content of 
the digester liquor or sludge is oxi 
dized to nitrites and nitrates and the 
density of the sludge is increased in 
proportion to the amount present of 


digested sludge of higher specifi 
gravity 

Oxidized Sludgé Process | Mallory 
process ) term what 
was essentially a control process for 
the activated sludge system 

Patented Process and Equipment 
* Aerator-Clarifier” (Chi 


“Dorreo Aerator 


was a given to 


includes the 
cago Pump Co.) ; 
Clarifier” (Dorr Co.); “Aerifier”’ 
(Yeomans Bros.); “Currie Clarae- 
tor (Dorr Co Ee “Process ( xidator” 
(P.F.T. and Process Engrs.), all of 
which aeration 
with a clarifier 
Other combination 
clude “Bio-activation,” a 
high rate trickling filter and activated 
sludge (American Well Works); 
\ero-Accelator” (Infileo, Inc.) in 
which a high rate activated slurry bio 
logical treatment is effected; “ Accelo 
process (Infileo, Inc.) which 
involves the direct recirculation of 
mixed liquor through the aeration 
tank of an activated sludge plant, and 
‘Biosorption” process (Infileo, Inc.) 
in which raw mixed with 
activated sludge and settled, the sludge 
then being aerated 
‘Bio-precipitation” Oxy- 
gen (95 per cent pure) for oxidation 
by an active biological sludge. The 
process employs counter current flow 


mechanical 
in one unit 


processes in 


combine 


combined 


Biox”’ 


sewage 18 


employ 5 


of sewage 
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YEOMANS presents 


_ CavitatOr vers 


For Municipal Waste Treatment 


One of the many possible arrangements is illus through the liquid at relatively high speeds they 


rated. The secondary treatment is provided by th« create a zone of cavitation through which the liquid 


tor mechanism, a specially designed rotor is recirculated continuously. Air and liquid are 
vith two arms mounted on a hollow shaft through drawn together creating a vapor pressure condition 


corresponding to cavitation with its tremendous 


forces. The oxygen is forced into the sewage and 


which the air is drawn for dispersion through the 
tank contents. The arms are streamlined with the 


er arms so constructed that when they are passed creates countless small air bubbles which permeate 


the entire liquid body 


high oxygen transfer efficiency—requires only 135 cv. ft. of air 
per Ib. B.O.D. removal per day in the Cavitator system. 


high performance on relatively low flows with high 8.0.0. 


low installation and operating cost with a high degree of 
purification. 


Primary clarification and digestion is accomplished in a single 
structure, the Spiragester. A Spiraflo is used for clarification 


Secure detailed information. See your local Yeomans representative 
listed in the Yellow Pages of your telephone book under “Pumps” or contact 
factory direct. 


st New Holstein, Wis 
*A Yeomans Trade Name 


val for muncipeal waste 


Yeomans Brothers Company, 1999-9 N. Ruby Street, Melrose Park, Illinois 


Manvfacturers of: Distributors « Clarifiers « Digesters « Mechanical Aerators « 
Pneumatic Sewage Ejectors « Centrifugal Pumps 
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The Maintenance Problem 


The second objective of reducing diffuser 
maintenance the prime subject of this 
outline. Basically, it involves keeping dif 
fusers clean that and 
will not An 
analysis of plants in service for ten or more 
required littl 
survey in 
of dit 
efhcrency 


18 


$0 blower 


pressures 


power cost increase unduly 


years shows that many have 
diffuser servicing. The 
dicates however, that 
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trequently 
Figure 1 
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the magnitude 


is a 
illustrates 


ine 


ot 
clogging 
not main 


blower when 


develops diffusers are 


ondition, [his was pre 


Wirt of 


provided 


a clean ‘ 
Superintendent J. J 

Cleveland's Easterly plant and 
cogent evidence to justify a diffuser servic 

ing program, An analysis of each plant's 
experience would involved for this 
utline but the marked decrease in pressure 
maximum recorded at Cleve 

eminent 
pro 


tained 


pared by 


be too 
ss from the 
1 (and elsewhere) indicates the 


, 
kk 
land 

diffuser servicing 


success of such a 
ram 

Diffuser clogging invariably ts 
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described in the following sec 
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ws evidenced by the experience at 
plants and should be practiced to the 
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commences with the original destgn ot the 
diffuser system \ environment 
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mstallation and operation 
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Sources or Causes of Diffuser Clogging 


Clogging is experienced on either or both 


the air and the liquid side of air diffusers 
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Fig. 1. PRESSURE of air supply to aeration tanks at five plants 
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more efficient 
in operation, 


LIFTS UP FOR DIFFUSER 
MAINTENANCE 


individual Swing Diffusers can be 
lifted out of tank without interrupting 
operation, eliminating stand-by aera- 
tion tanks. Precision Diffuser tubes are 
quickly and simply cleoned to new 
condition te achieve maximum diffu- 


sion with low head loss. 


Chicago Swing Diffusers offer all 
sizes of treatment plants — both in- 
dustrial and municipal the advan- 
tages of air diffusing apparatus that 
is always in operation at maximum 


efficiency 


Now used in 
more than 


300 Plants! 
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for Sewage and Waste 


AERATION 


BOOST AERATION CAPACITY AT OLDER PLANTS, 
BRING HIGHEST EFFICIENCY TO NEW 


Wide Band Diffusion provided by Chicago Swing Dif- 
fusers in many cases doubles the aeration capacity of 
previously used plate diffusion systems. For example. 
the Columbus, Ohio Sewage Treatment Plant was able 
to treat only 37 M.G.D. with their old diffuser plate 
system. After changing to Swing Diffusers. aeration ca- 
pacity was doubled without increasing the amount of 
air used or the volume of the aeration tanks, In both 
old and new plants, Swing Diffusers assure maximum 


oxygenation. 


FLEXIBLE AIR DISTRIBUTION 


Individual Diffusers can be simply adjusted to balance 
air supply with oxygen demand for effective process 


Complete Operating Histories and Descriptive Bulletin 
Available on Request 








Scru-Peller pumps are designed specifically for 
pumping primary sludge, are positive in opera- 
tion and truly clog-proof. 


Continuous multiple shearing action is provided 
by stellited cutting edges of the screw and eight 
stellited cutting bars positioned in the screw and 
pump housings. 


Heavy-duty ball bearings at each end of the screw 
and impeller shaft eliminate strain and vibration, 
permitting pump to withstand sudden and severe 
overload shocks. 


Three of the 27 Scru-Peller pumps installed at the Hyperion 
Sewage Treatment Plant, Los Angeles, California. Board of 
Public Works and Metcalf & Eddy, Engineers. 


Write to Department J 


FLUSH-KLEEN. 


More than 12,000 installed in 
lift stations, buildings and ships 


Flush-Kleen sewage ejectors can't clog because 
rags never reach the impeller. Specially designed 
strainers in the discharge line retain all coarse mat 
ter. Sewage flows over the strainer and through one 
of the pumps to the wet well. When the pumps 
operate alternately they pump only strained sewage. 
No rags or coarse material ever pass through the 
pump casing. Each strainer is automatically flushed 
clean during its pumping cycle. 


One of 11 Flush-Kleen sewage ejector lift stations installed in 
the City of Portland, Oregon. The discharge line has been cut 
away to show the strainer. These stations were designed by 
Stevens and Koon the Engineers for Portland Sewerage Project 


SCRU-PELLER. 


W.&S.W.— Rererence & DATA 




















Mr. J. M. Bricker received the award at a recent meeting of the Nebraska 
SCOTT-WILBUR Sewage and Industrial Wastes Association. Among other duties for the town 
of Paxton, Mr. Bricker spends about 12 hours per week looking after the 


reward ‘Pakage’ plant 


“Sewage Plant Operator Having 
The Best Maintained And 
Operated Sewage Treatment Plant 
in Nebraska During 1954" 


CHICAGO PUMP 


COMPANY’S 


4 | d Award Winning Sewage Treatment Plant, Paxton, Nebraska. Installa- 
Activate S U ge tion contains one 14° combination Aerator-Clarifier unit. Plant ca- 
pacity: 75,000 G.P.D., treating domestic sewage. Consulting Engineer 

Ogaliaia Engineering Company. Constructed by Beal Construction 


‘Pakage” Plant = > 


Activated sludge ‘Pakage’ sewage treatment plants are specifically 


Performance designed for small communities such as Paxton, Nebraska. They 


are not large plants scaled down 


7 
Helps Win The automatic features of the 14’ aerator and clarifier in the 


‘Pakage’ plant at Paxton assure trouble-free performance while 
treating 75,000 G.P.D. of domestic sewage. ‘Pakage’ plants handle 
Coveted Award sewage flows from 15,000 to 500,000 G.P.D. in single or multiple 
units. The plant at Paxton is located near dwellings, like so many 
other Chicago ‘Pakage’ Plants, since they are clean, sanitary, and 
have no objectionable odors. Visitors are amazed 
at the crystal-clear effluent. In the past 21 years 
Chicago ‘Pakage’ Plants have given trouble-free 

sewage treatment in over 230 installations 


Chicoge Pump Co 


For small communities, industrial plants and in- 
stitutions, specify Chicago ‘Pakage’ Plants. Write 
Dept. K for complete engineering data and 
drawings. 


@) 
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he various well established causes, with a 
being somewhat theoretical, are given 
Both types of clogging are listed in 
approximate order of incidence Phe 
rder ot has no significance as t 
however 
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below 
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listing 
seriousness of clogging 
Air Side Sources 
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supply 
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xistent. Tests in The Carborundum ¢ 
laboratories on 20 grade 
source ] 


loss when wate 
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pressure 
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Liquid Side Sources 
l. Finely divided 
ind sludge solids which enter the 
diffuser structure when 
terrupted 


inorganic solids (silt 
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2. Precipitated coating; principally iror 


salts from industrial wastes and carbor 


vater supply is hard 
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ates where 
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when 


during 
diffusers are exposed in 
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it different 
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Diffuser Design and Specification 


Recognition of the maintenance 
and efforts to minimize it have resulted 
two basic advances in diffuser design: (1 
[he use of stationary plate or tube holders 
that permit simple removal of diflusers 
following tank dewatering and (2) the us« 
of completely diffuser units 
(usually tulx which Fig. 2 
illustrates the first example) without 

Selection of either design ts 
overall factors, whicl 
often favor completely diffusers 
because servicing can be accomplished on a 
unit progression during 
thereby avoiding standby aeratior 
over-loading or by-passing 

A more important advance has been in the 
selection of higher permeability 
diffusers, with correspondingly 
size 


problen 


removable 
assemblies ol 
tank 
dewatering 
based 


on econonmi 


removable 
basis operation 
capacit 


(grade 
larger 
It was presumed originally that small 
pore diffusers were essential to the 
of minimum size air bubbles; 
mum efhciency of oxygenation theretrom 
Periodic work by A. J. Beck of The 
tary District of Chicago throughout the past 
twenty years has established that there is 
little increase in bubble size between grack 
20 and grade 80 diffuser plates 
to the tact that in a body of 
having a relatively low horizontal 
component, bubbles must attain a diameter 
of approximately 0.1 in. before buoyancy 
overcomes surface tension and they are 
released.* The negligible difference in bub 
ble size, as established by photographs, is 
sustained by the fact 
in tanks aerated by small pore diffusers 
the tanks aerated by 
grades 
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Fig. 2. STANDARD diffuser tube assembly——Link-Belt Co 
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STANDARD GRADES 


Fig. 3. RELATION between average pore size and grade of aloxite porous media 
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Methods of Diffuser Servicing 
or Cleaning 


While the theme of this outline of diffuse: 
maintenance thus far has been prevention ot 
clogging, the eventual necessity of perme 
ability restoration through some degree of 
cleaning must be recognized as a strong 
possibility. If unavoidable conditions make 
the problem serious, a thorough analysis 
of the various known methods is justihed 
\ regular schedule of servicing is then de 
sirable, based on use of the most successful 
method that is economically justified and 
within the budget 

[wo general procedures of cleaning have 
developed in keeping with diffuser design 
development: (1) for diffuser plates more 
or less permanently cemented into plate 
holders and (2) for diffuser plates or tubes 
that are removed from stationary 
or suspended type assemblies. These pro 
cedures can be broken down into meth 
ods used for liquid side clogging and thos« 
used for air side clogging. Rather tha 
attempt a further classification 
methods used for different kinds of diffuser 
established effectiveness ot 
removing kinds of clogging will 
be listed with each method 


easily 


based on 


clogging, the 
various 


Recause of the practical certainty that at 
serious clogging is from a combination of 
sources, it is quite possible that a combina 
tion of cleaning methods will be required 
For example, the left-hand Fig. 4 photo 
micrograph of a thin section cut from a 4 
grade diffuser plate as taken from actual 
service, gives evidence of three sources ot 
clogging. The areas marked “A” 
be silt particles embedded in a precipitated 
coating that contains some iron. The darker 
areas marked “B” are chiefly the natural 
ceramic bond of the plate but the extended 
rough edges plus other minute dark spots 


appear t 


some oxide particles from 
The contrast with the right 


indicate dust of 
the air supply 


hypothesis for control or prevention of clog 
progressive dehydratior f solids 
pitation of salts, carbonates, et near the 
nterface has been proposed by R. C. French 
Department of Publi Works of New York 
The proposal is to maintain the air supply 
sdditior 
irying of 
neutralize 
develop «a 


jue te 


the point of moisture saturation. Ir 
pposition that wet air will prevent 
is the suggestion that it will 
charges that could therwise 


electroplating action 


hand photomicrograph of a clean new plate 

of the same grade is quite apparent 

A. Cleaning Plates in Place—Liquid Side 
1. Acw Treatment has been used the 
most widely with different acids of vari 
able strength and a variety of techniques 
or modifications. A concentrated solu- 
tion containing 80 per cent sulphuric, 2 
per cent sodium dichromate and 18 per 
cent water appears to be the most effective 
on serious clogging. Lower strength 
solutions, and also hydrochloric and 
nitric acids, should be tried because of 
cost factor. 

The general technique is as follows: 
Clean plates by water hosing with air on; 
apply acid to center of each plate using 
approximately 150 mi. per plate; spread 
over surface with squeegee; allow to 
stand for a day or two; blow out with 
air. More or less acid may be applied 
depending on plate condition or the oper- 
ation may be repeated before drying. 

Variations of this technique and solu- 
tion will be found effective tor each situ- 
ation and type of clogging. The method 
has been used for removal of organic 
solids, various precipitated coatings and 
growths from the top of plates 
2. Caustic Treatment has been used 
infrequently with indifferent results but 
conditions may warrant trial. One method 
used is to clean plates as described above 
and leave plates with a small amount of 
water on the surface: Dissolve 0.1 Ib lye 
crystals over each plate; shut off air; 
allow solution to penetrate 10 to 15 min 
utes ; add water ; blow out with air 

This method is reported as most ef 
fective for removal of organic compounds, 
grease etc. from plate surface 
3. AMMONIA TREATMENT has not been 
used frequently but is reported favorably 
The method follows: Clean surface of 
plates by water hosing; include wire 
brushing if necessary ; shut off air leaving 
plates wet; apply approximately 1 pint 
of a solution of 50 per cent household 
ammonia and 50% water to each plate; 
allow to stand overnight; blow out with 
air 

Method is applicable primarily to plates 
clogged with organic growths 
4. Derercent—Water Jer TREATMENT 
is the most recent successful method dis- 
covered and involved a combined opera 
tion. The detergent solution may be 4% 
pint of commercial liquid known as Glim 
mixed with 5 gal. of water and 1 qt. of 
ammonia Another commercial liquid 
known as Nacconol is equally effective 
[he jetting which follows is considered 
to be an expulsion action within the sat 
urated plate similar to water hammer 

Plates are washed first in usual man 
ner and thoroughly blown out. About 4% 
pint alcohol is then poured on each plate 
as a wetting agent. The detergent solu 
tion is then applied until plate is satu- 
rated and allowed to soak overnight. The 
water jet cleaning which follows should 
be as violent and concentrated as pos 
sible. It can be accomplished with a 1 ir 
fire hose line at full pressure with nozzle 
reduced to % in. The jet is applied for 
about 30 seconds to each plate with the 
air off and then another 30 seconds with 
the air on, in order to locate spots that 
were missed by initial jetting 

While extensive experience is lacking 
on this method it undoubtedly removes 
all types of organic clogging on the liquid 
side Inorganic solids also are loosened 
so that a high percentage is forced out 
upon jetting. 

This method also should be applicable 
to the cleaning of suspended diffuser tube 








CHECK these features... | 


— consistently-uniform backwash 


— long-lasting materials 
— economical installation 
— strong, stable support 


The new filter bottom manufactured by the 
Filtration Equipment Corporation offers su- 
perior filter plant performance at less cost. 
Built of new, strong, materials in a revolu- 
tionary design, it has a life expectancy equal 
to the rest of the filter plant itself. The ease 


of installation and improvements over tradi- 


PILTRA E 


tional fileer box design keep labor costs to a 
minimum. In addition, if filter sand and/or 
gravel must be removed for cleaning or re- 
placement, this highly practical filter bottom 
can be easily removed for inspection and 


quickly relaid. 
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Designed to eliminate cables that have 
beset operators for years, the riew Filtration 


Equipment Corporation control tables fit all 


specifications for standard operating procedure 


and can be adapted to special needs. 


Planned around the experience of engineers 
and operators, these tables are pleasing in 
appearance, of durable construction, and 


can be easily installed and maintained. 


> SLOPING CONTROL PANEL 


The panel containing the valve control knobs and 


valve position indicator dials is tilted at an angle which 
allows the operator clear, direct visibility of them 
from a normal standing position. 

Wash water pump starter control station conven 


iently located on panel, 


BUILT FOR LIFETIME SERVICE 


Constructed of “Ebony Asbestos”* and “Transite”* to 
attain the modern two-tone coloring yet retain dura 


bility 19 a moust atmosphere 

VALVE POSITION INDICATORS—Electrically Operated, 
Hermetically Sealed 

Four Way VALVES—Bronze and Stainless Steel, 
Tight Closing, Neutral Center 

MANIFOLDS-——Copper, Brass, Flow Control Valves 
Included 

FASTENING AND TRIM—Brass, Stainless Steel and 


Aluminum 


lohu- Manville lrade Name 








LOW INSTALLATION COST 


These tables are shipped assembled. Wiring completed 
down to the junction box containing the transformer 
and low voltage indicator transmitter terminal blocks. 
Piping completed from the inlet manifold through 
the 4-way valves to the exhaust manifold and from the 
valves to the bulkhead containing connectors for 
cylinder piping. Installer connects external piping and 
wiring to terminals provided. Bronze flange at each 
end of table for bolting to floor. Table top drilled to 
meet specifications of customers filter gauge. 


MAINTENANCE 


The electrical valve position indicators and trans- 
mitters are hermetically sealed against dust and mois- 
ture. 

The 4-way control valves are “panel mounted” and 
all operating parts may be removed without disturb- 
ing pipe connections. 

The valves are designed to be disassembled and re- 
assembled in 15 minutes or less. 

The tables are designed for complete internal ven- 
tilation. 











assemblies in place although there is no 
report to date of such use. A special 
ring” device has been developed by Chi 
cago Pump Co. for uniform circumfer 
ential application of water jets. It simply 
is inserted over the end of each tube and 
moved manually from end to end 


5. Criortne Purcine has been used in 
relatively few places but with some good 
It is undoubtedly the most simple 
method known except drying 
With no preparatory step chlorine is 
taken from cylinders and introduced int 
the air main at a convenient location; 
preierably near aeration tanks. The rate 
of application will vary to meet conditions 
but a starting point and estimate of re 
quirement is 2 lb. per 100,000 cu. ft. of 
air delivered. The operation is continued 
until blower operating pressure is re 
duced and/or until an adequate supply of 
air can be delivered to diffusers. This 
may take from two or three days to as 
many weeks 
Chlerine treatment is effective in re 
moval of organic solids and growths from 
the diffuser surface. There is asi indica 
some help in reducing air side 
gging from unknown sources simply as 
esult of the continuous purging action 


resuits 


tior f 
ion ol 


SAND BLASTING is effective and rea 
nably fast on silica type porous diffuser 


t slower, and therefore costlier 


um oxide type plates. Blasting 
during air discharge t 
/ 


further clogging by removed pat 


be done 


d sand It is estimated that | 
required per plate to remove 
from silica type plates or 1/32 in 
aluminum oxide type plates. A 
plate 
must be thoroughly cleaned out 
alter operation 
self-evident that this method will 
all types of top clogging. The 


{ the operation depends on the 
f solids penetratior 


lated sand and disintegrated 


OXYACETYLENE FLAME SPALLING i 
in cleaning the surface of alumi 

xide type plates and is more eco 
blasting The best 


than sand 


apparatus provides a wide flame as illus 
trated in Fig. 5. This self-propelled 
apparatus was developed by Linde Ai 
Products Co 

The cleaning procedure involves pre 
liminary plate washing and then setting a 
portable track alongside of plate holder 
as shown. Air is left on and the flame 
applied with nozzle moving over plates at 
linear velocity of 3 ft. per min. This re 
moves approximately 1/32 in. from the 
surface and if clogging is deeper, the 
operation is repeated. Disintegrated plate 
material must be thoroughly cleaned out 
of tank after spalling. 

This method is applicable to all liquor 
side clogging. Since it is costlier thar 
other methods (except sand blasting) it 
is most practical on severe combined clog 
ging that is not effectively eliminated by 
other methods. 


8. Brow Torcn SPat.ine is effective in 
cleaning silica type plates but is tedious 
and costly with increasing labor rates 

The procedure is to wash plates by 
hosing and scrubbing » dry with air dis 
charge; apply blow torch flame at semi 
tangent with air on and remove material 
to required depth. Clean tank thoroughly 
after spalling 

As in all other methods involving re 
moval of a thin layer of the diffuser ma 
terial, blow torch spalling is effective or 
all kinds of liquid side clogging 
9. Dryinc is the simplest method of 
involving no expense other than for 
air supplied. After draining tank, air is 
blown through diffusers for two or more 
hours, finishing with an extra high flush 
ing rate. This is effective only in remov 
ing light organic (sludge) solids from the 
surface of otherwise clean diffuser plates 


10. Stream Puroinc has been used rarely 
but is reported as effective. Low pres 
sure steam is applied to the air line and 
simultaneously the surface of plates is 
brushed vigorously with a stiff brush 
Organic clogging and grease are removed 
with this treatment 

Care should be taken with this method 
to bring diffusers up to steam tempera 
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ture rather slowly and to avoid a cooling 
shock after completion. This precaution 
is to prevent thermal shock cracking of 
the ceramic bond of diffusers. 


. Cleaning Plates in Place—Air Side 


1. Sanp BLastine has been satisiactory 
on silica type plates but has not been re 
ported for aluminum oxide type plates, It 
involves removal of one end plate from 
each plate holder opposite air inlet and 
passing a sand blast nozzle under the 
plates by means of a special “boat” car 
riage 

[he procedure is to dry plates thor 
oughly; remove end plate; insert boat 
with nozzle pointed upward 30° from 
horizontal; pass back and forth 3 times 
and swing nozzle from side to side en 
route; remove and blow out plate holder 
at high rate with air from blower; clea: 
sand and disintegrated plate particles 
from tank 

This method is effective in reduction 
of all types of air side clogging listed 


2. Gasotine PurGinG has only been re 
ported at one plant where it is effective 
in removing a sudden incidence of oily 
smoke that cannot be intercepted by the 
air filters. Aviation gasoline is introduced 
into the air line at a rate of about 2 gal 
per mil. cu. ft. Precautions must be taken 
to avoid possibility of explosion 

rhis method should be applicable to 
removal of from other 


sources 


grease or oil 


C. Cleaning Removed Plates and Tubes— 
Clogging on Either or Both Sides 


Ihe above heading applies because all of 
the methods listed below are at least par 
tially effective in removing both liquid and 
air side clogging and because the simultane 
ous effect on both sides can hardly be 
avoided The parti ular benefits of eacl 
method will be listed as heretofore 
[REATMENT is 
used and gen 


l Acip AND FLUSHING 
perhaps the most widely 
erally successful method of all. While 
acid pickling alone is partially effective 
and also is used extensively, the water 
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Fig. 4. PHOTO MICROGRAPHS (x50 magnifications) of Grade 40 Diffusers 


clean, new, plate structure 


clogged plate structure 
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and air flushing which follows adds much 
to the result he second step has been 
well worth the extra equipment invest 
ment in the larger plants where used 


initial step 1s to wash diffusers by 


ing down in aeration tank; then blow 
d dry with air discharge before 
irom plate holders or tube as 
ibmergence in concentrated 

per cent sodium dad 

uided) is the next step 
oneware crock. Diffuser 
a large rubber lined 
wz. 6 and 

or as much as 48 hours 
upped with a drain for 


' rer ‘ ¥ ‘ ’ 
acid and 1 gz wat 


imilar to | 


ibbing the treated dil 
and air is accomplished 
device similar to that 
and Easterly plant 
inmiets are 

_ plates and are 
quick opening valves 
ted to the trough around 

a cover provided to pre 
land water spraying.) The 
determined by the oper 


uniformity of air bubble 


method is most successful in re 
of organic solids and precipitates 
he liquor side of diffusers. In 
the flushing action undoubtedly 
some of the loosened undis 
inorganic solids from both sides 

The reported diffuser permeability re 
covery at Cleveland and Chicago (SW) 
by this method, is from 80 to 90 per cent 


2. REBURNING is unquestionably the most 
thorough method of cleaning known in 
asmuch as 100 per cent revivification 1s 
accomplished. If suitable kilns or furnaces 
are available, work can be done locally to 
save transportation. A more complete 
and satisfactory job probably can be done 
by the diffuser manufacturer with the 
type of kiln used for original vitrification 

Diffusers should be washed and dried 
before shipment for reburning. For 
eramically bonded aluminum oxide dif 
fusers, the process is to bring up to the 
maximum temperature slowly (about 50 
C. per hour) and then cool at the same 
rate The maximum temperature required 
for complete permeability restoration will 
vary with the kind of clogging elements 
present. Most materials burn out at low 
temperatures but silt normally is present 
containing small amounts of Si, Ca, et 
To fuse such elements into the structure 
and leave open pores, duplication of the 
maximum original vitrification tempera 
ture of approximately 1350° C., is de 
sirable 2 

It is apparent that this is the most ex 
pensive method of cleaning, but it has 
these advantages: (1) recovery of dif 
fusers equal to new diffusers, regardless 
i type of clogging; (2) accurateiy re 
tested (for permeability) diffusers that 
will insure good initial uniformity of ait 
diffusion upon reinstallation 


3. Caustic Treatment is used infre 
quently because of limited attack on clog 
ging materials. In some cases, it supple 
ments other methods to advantage 

The treatment placing 
washed diffusers in a suitable iron vessel 


consists of 

















Fig. 5. OXYACETYLENE wide flame spalling equipment 
(Linde Air Products Co.) 
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and boiling for several hours in a 10 
to 15 per cent solution of sodium hy- 
droxide. The time may be from 3 to 8 
hours depending on conditions. Boiling in 
water should follow short treatment to 
dissolve soap. 

Caustic treatment is effective in reduc 
ing the clogging from grease and othe: 
organic solids. It frequently must bk 
followed by acid treatment to show 
marked results due to presence of other 
clogging elements 

Repeated hot caustic treatment over a 
period of several years should be done 
with caution because the silica content oi! 
the bond is slightly soluble therein. The 
structure accordingly would be weakened 
4. Derercent—Water Jet TrReEATMEN1 
has the principal steps as outlined for 
cleaning plates in place and can be fol 
lowed tor cleaning of removed plates or 
tubes. For removed tubes, the Chicago 
Pump Co. has developed a device fo 
water jetting following detergent soak 
ing. Essentially, it is a ring jet enclosed 
in a vertical cylinder into which tubes to 
be cleaned are moved slowly in and out 
An additional jet is provided for the in 
side if necessary. This device was de 
veloped primarily for cleaning of “Pre 
cision” Saran cord diffuser tubes 
manufactured by Chicago Pump C 
rests indicate that it is likewise effective 
on ceramically bonded aluminum-oxids 
tubes, often supplied with Swing Dii 
fusers by Chicago Pump Co. where con 
ditions require 


Economics of Diffuser Maintenance 


As stated in the introductory analysis and 
review of the maintenance problem, the 
entire basis of its consideration must be 
that of cost. The elements of plant opera- 
tion cost are so inter-related, especially 
within the diffuser system or “heart”, that 
the economics of maintenance are extremely 
complicated 

It is apparent that diffuser e 
a special and extensive subject in itself 
This concluding section, therefore, will 
merely outline the factors closely related to 
diffuser cleaning. 

With the exception of large activated 
sludge plants, it is doubtful that many 
plants keep a separate accurate accounting 
on: increase of power cost, diffuser mair 
tenance, and replacement sinking fund, for 
the diffuser system. Such records are criti 
cal, however, in establishing a clear picture 
of this subject. They will enable manage- 
ment to know how far it is possible to go 
in each direction in order to preserve ar 
economic balance and to establish a realistic 
budget. 

Cost of cleaning by the various methods 
reported vary extremely because of the 
variable degree of treatment required in 
each case, as well as the variation in clean- 
ing method, plant size, labor required and 
other local factors. It is impossible, there 
fore, to put a price tag on each method as 
listed in the foregoing section. Under 1950 
conditions, the cost of cleaning would appea 
to vary from a minimum of perhaps $0.1 
per unit for the most simple methods (ex 
cept drying), up to about $1.75 per unit f 
reburning. 

A somewhat forgotten, yet quite impor 
tant, factor in this problem of maintenance 
is that of diffuser permeability. In the first 
place, diffusers do not clog uniformly fron 
inlet to outlet of tanks. The permeabilit 
therefore, will decrease and the pressure 
loss will increase by variable amounts, re 
sulting in non-uniform aeration and dé 
crease in over-all efficiency. 

When it comes to cleaning, it is obvious 
that all diffuser units will not respond 


OMICS Is 











Fig. 6. SOAKING and draining tank for acid treatment Fig. 7. DIFFUSER plate flushing equipment 
(Both at Cleveland Easterly Plant) 


uniformly to treatment so that considerable me can only return to the original theme N. E. Anderson, Chairman, Sub-Com- 
variation from original permeability ratings expressed by one word: prevention. Ob mittee on Air Diffusion, F.S. & LW.A 
ill result. Without retesting and subs« servation and practice of the factors of \ J. Beck, Member, Sub-Committee o1 
rent reinstallation in accordance with prevention as outlined herein will pay large Air Diffusion, F.S. & I.W.A 
specification No. 3 under INSTALLATION dividends G. P. Edwards. Member, Sub-Commit 
a tank equipped with cleaned diffuser units tee on Air Diffusion, F.S. & LW.A 
uld resume operation with some not ] ] W irts, Supt., Easterly Sewage Tr 
niformity. There is an automatic tendency [The data and information compiled im Works. Cleveland. O 
towards correction of initial non-uniformity, this outline are the result of several years \ 4 , 
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DISINFECTION OF SEWAGE 


[he need for sewage disinfection cannot today be 
overlooked. With increasing population the growing 
demands on water supplies necessitate using sources of 
supply hitherto considered unsuitable. The increasing 
popularity of swimming has led to the use of the most 
available bathing beaches, lakes and water courses. The 
national resentment against the pollution of streams and 
rivers is gaining momentum. All of these have cen 
tered the attention of sanitarians on sewage treatment. 
As a final measure of securing complete health protec- 
tion, sewage disinfection, with chlorine, is accepted 


practice 


Typical Installation of a W & T High Capacity Chlorinator Installed in a 
Sewage Treatment Plant 
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ODOR CONTROL 


The control of obnoxious odors from sewage treat- 
ment works, long outfall sewers and other disposal 
plant appurtenances is distinctly a field for chlorination. 
Neutralization of hydrogen sulfide (the gas responsible 
for these obnoxious odors), or prevention of its forma- 
tion by controlled application of chlorine, is not only 
quite practicable but also results in economy of opera- 
tion due to reduction of deterioration in interceptors 
and allied appurtenances. 


B.O.D. REDUCTION 


Treatment plants discharging effluents into water 
courses having extreme seasonal variation in flow have 
profited from controlled chlorination to reduce bio- 
chemical oxygen demand. Field tests have often shown 
a reduction in the five day B.O.D. of up to 30 per cent. 


OTHER ADVANTAGES 


Similarly, chlorine prevents filter “ponding.” It is 
also widely used to prevent sludge “bulking.” Where 
grease is a problem, chlorine will aid in its removal and 
minimize its accumulation in small pipes and spray 
heads. When added to return supernatant liquor from 
digesters, chlorine tends to counteract the impact of 
highly putrefactive liquids from fresh sewage. The 
thickening of sludge may be greatly benefited by the 
maintenance of a “chlorine blanket” in the supernatant 
above the sludge. Chlorine is also useful in the prepa- 
ration of coagulants such as “chlorinated copperas.” 
Difficult trade wastes, such as those containing cyan- 
ides, can be effectively purified by designing means for 
the application of chlorine into the process. 


EQUIPMENT 


For every sewage plant, there is W&T Equipment 
to fit. Visible Vacuum Chlorinators with capacities from 


ounces to 6000 pounds per day—Solution Feed and 
Direct Feed Chlorinators for small plants—and Reagent 
und Chemical Feeders to meet many varied chemical 
treating applications. All W&T Apparatus is backed 
by over thirty years’ experience and is job-engineered 
by chlorination specialists. 


TECHNICAL INFORMATION 


W&T representatives will gladly discuss any sewage 
chlorination problem. Technical bulletins on the many 
phases of sewage chlorination and W&T Chlorinators 
will be sent free on request. 





NOTES ON SEWAGE CHLORINATION 
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Purposes of Sewage Chlorination 


Disinfection is the most important 


purpose of chlorination in sewage 


treatment, principally to prevent nui 
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Types of Chlorination 


Vhereas water chlorination may be 
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bined or free residual chlorine, sew 
chlorination pro 
combined residual. In 
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age involves the 
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some instances a sub-residual is used 
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simply, chlorination 
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Il his 
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lL psewer chlorination where 


it reaches the treatment plant 
Keeping the sewage 
venting odors 
Prechlorination is the addition of 
chlorine at the entrance to the sewage 
treatment plant or ahead of primary 
treatment units 
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treatment process, usually primary or 
econdary treatment. Chlorine is us 
ually added ahead of a contact tank 
or final settling tank or final long out 


fall 


sewage some othe 


Chlorination Capacity 
lhe 


ewaye 


amount of chlorine used in a 


treatment plant is expressed 
in terms of pounds per day and chlo 
calibrated in units of 


chlorine 


rine feeders are 
lb pet day 


required depends on the desired re 


The amount of 


sult, the chlorine demand in ppm, the 
flow in med, the 
desired, in ppm and contact time 


amount of residual 


demand depends on_ the 
kinds of 


which 


Chlorine 


amount chemical sub 
will 


time ot 
Chlorine de 


and 
stances in react 
with 


contact and temperature 


sewage 
chlorine as well as on 
difference be 
chlorine added 
and the amount of the residual after 
Residual chlorine is 
will react with 


mand is defined as the 
tween the amount of 
a specified tine 
that 
ortho-tolidine 


| he 


chlorine which 


amount of chlorine required 
will vary for different sewages, differ 
ent times of the day, different days of 
the and ditterent 
determined on the basis of a 


but 


| t 
week seasons. it 18 


usually 


15 minute contact § tine some 


states require 20 minutes contact 


tandard ! 


(one set of of design re 


quires a Capac itv available to | roduce 


a residual of 2 ppm after 15 minutes, 
or enough capacity to dose raw sew 
age with 25 ppm, or primary effluent 
with 20 ppm, or trickling filter effluent 
with 15 ppm or activated sludge efflu 
ent with 8 ppm 


Control 

The feedet 
be calculated from the required do 
age multiplied by the factor 8.34 and 
by the flow in mgd 


capacity required cal 


\s with chlorine feeders used for 
water chlorination, the 
trol inclucte 


automat 


type s of 


available manual, semi 


(step) programmed con 
trol, and automati 
the 


automatically to 


proportional 


control, wherein equipment ad 


justs maintain a 
preset dosage regardless of the change 
he feed 
eT available are the those 


described chlorination 


in flow of sewage types ol 
sitll «al 
ul der watet 


Installation 
‘ hile ; 


ording 


Chlorine feeders for sewage 
should be installed ace 


Che po tot ap 


rination 
to certain prin iples 
plication should produce quick and 
and 
treatment desired 
sible to 


opera 


thorough mixing sufficient con 
tact the 
The equipment must be acce 
both for 


maintenance 


time tor 


normal 
tion and for Lhe 
allowed for the chlorine feeder 
to allow 
tainers and ease of operation and con 
trol. Satety factors given full 


consideration in an chlorine feeder 
installation 


the operator 
pace 
must 
con 


be sufhcient storaye ot 


must be 


Operation 

Inasmuch as the chlorine demand of 
through 
irable to 


a sewage change . marked] 
the day, it 1s highly cle 
control the rate 
or chlorine 


out 
act ordingly 
ter| 


cle say 
added haa bee Wa 


either as an exce or as an imnsuthcernt 
amount to produce the desired dist 


Where 


are available frequent determination 


fection laborator facilitie 


of chlorine demand and concurrent 


change s in chlorine dosage rate 
should be made. Many plant make a 
study of the 
and 


rate 


demand curve 


patter of dosag 


( hlorine 
determine a 
The wn 


mace 


mmm muy 


change ; in} dosage rate 


he thre ( 


or eve? 


a da 


Changes « 
two hours is more 
of efheient chlorination. Prog 
control is highly effective fo 
pose 
W.&48.W 
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Chlorination Control Nomogram’ 


J OMOGRAM for chlorination control has 
eloped primarily to aid in determining the 
of chlorine zg feeders for use in the 
yater, sewage and industrial wastes, and 

lime in cooling, process and white water 

ver most dry 


| ideration of the 


and liquid chemical feed 
same factors 
lorine feed, hence, it is apparent the 


broad use and 


application 
use of the nomogram are given on the 
Attention is called to the 


appli able to all 


Keep sheet 


multiple’ nomogram is 


the use properly employs the factors of 
te where necessary. and properly places 


nt when the calculation ts completed 


Applications 
1. Design Work 


or determining the maximum capacity of chlorina 


equi ment needed If the chlorine requirement o! 


liquid to be treated is known (or if some value i 


mum requirement in ppm by a governmental 
ind if the maximum expected flow is known 


« estimated, the nomogram affords a simple 


letermining maximum feed rate required 


2. In Operation and Control 


| 


\s an aid in setting chlorine feed rates in water and 


stations Having established by 
tests the chlorine dosage required to effect a 


chlormating 
re lual, the nomogram may be employed to 
ne the proper chlorine feeder setting to produce 
lual at any given flow rate 


In Plant Performance 
rately and 
data into average performance and to readily 


low rates to dosage in 


accumulated 


quickly convert accumulated 


transpose momentary teed and f 


pp rom the flow measuring device 


tlo ovet elected period or momentary flow may be 
(Chlorine flow totalizers or loss in weight 
of containers on scales provide accumu 
information and chlorine recorders or the 
der indicates momentary feed rate in lb per 
these data applied to Lines C and A, the 


ge in ppm may be read on Line B 


Examples of Use 


|. Direct Reading—For a flow of 0.8 mgd (556 gpm) 
with a chlorine requirement of 1.1 ppm, place straight 
edge on 0.8 on Line A and on 1.1 on Line B. ( Note that 
with Line B is approximately a right angle and 
therefore is Read value of 7.35 on Line ( 


setting tor chlorine feedet is 7.35 Ib per 24 hr 


angle 


atistactory ) 


Singk Where the straight-edge nearly 


1 flow of 0.2 mgd (139 gpm) 


Multiplier 


parallel 1 _ime R For 
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with a chlorine requirement of 0.1 ppm, place straight- 
edge on 0.2 on Line A and on 0.1 on Line B. Note that 
the angle of the straight-edge with Line B is far from 
a right angle. Therefore, for more accurate results, place 
straight-edge on 0.2 on Line A and on 1.0 on Line B and 
read value of 1.67 on Line C, Multiply this value by 0.1. 
Setting for chlorine feeder is .167 lb per 24 hr 


3. Single Multiplier—Where straight-edge does not 
cross Line ( For a flow of 0.7 mgd with a chlorine 
requirement of 2.5 ppm, note that the straight-edge does 
not cross Line C. Therefore place straight-edge on 0.7 
on Line A and on 0.25 on Line B. Read value of 1.45 
on Line C. Multiply this value by 10, Setting for chlo 
rine feeder is 14.5 lb per 24 hr 


Note: Straight-edge approaches right angle with Line 
B for this placement and is therefore more accurate than 
using 0.07 on Line A and 2.5 on Line B, which would 
give the same value on Line C at 1.45 

+. Single Multiplier — For normal placement of 
straight-edge.—For a flow of 7.0 mgd with a chlorine 
requirement of 0.6 ppm, place straight-edge on 0.7 on 
Line A and on 0.6 on Line B. Read value of 3.5 on 
Line C. Multiply this value by factor of 10, (Factor of 
10 introduced on Line A.) Setting for chlorine feeder 
is 35 Ib per 24 hr 


The procedure would be the same for a flow of 70 
mgd or 700 med, etc., using multiplier factors of 100, 


1000. ete 


5. Double Multipliers—For conditions where factors 
ire introduced in both Lines A and B.—For a flow of 
1.7 mgd with a chlorine requirement of 8.0 ppm, place 
straight-edge on 0.17 on Line A and on 0.8 on Line B. 

Note, if straight-edge were placed on 8.0 on Line B, 
it would not cross Line C.) Read value of 1.13 on 
Line C. Multiply this value by 100 (factor of 10 on 
Line A times factor of 10 on Line B.) Setting for chlo- 
rine feeder is 113 lb per 24 hi 


The same procedure would be followed for a flow of 
17 mgd with a chlorine requirement of 13 ppm, in which 
case the straight-edge would be placed on 0.17 on Line A 
and on 1.3 on Line B. The value on Line C of 1.84 
would then be multiplied by 1000 (factor of 100 on 
Line A times factor of 10 on Line B) 


6. Determination of Dosage—From recorded flow rate 
and chlorine feed rate—For a flow of 0.63 mgd and a 
chlorine feed rate of 5.8 Ib per 24 hr, place the straight 
edge on 0.63 on Line A and on 5.8 on Line C, Read 
value of 1.1 on Line B. Chlorine dosage is 1.1 ppm 


Chis operation may also be used for values of flow 
and chlorine used, greater than the values on Lines A 
and C, by introducing the proper factors of 10, 100, etc 


*Reprinted from Keep Sheet No. 2 f B-I-F Industries, Inc., 
by permission 





CHLORINATION CONTROL NOMOGRAM 


Applicable to All Flows and All Chlorine Dosages 
by Use of Factors of 10 or Multiples Thereof 


> 


TOCereere 


eae ee 


° 
° 


Directions for Use (See over for 

® 9% examples and applications), 
@% 1. Lay straight-edge on point on 
Line A, representing Flow, and 
on point on Line B, representing 
Chlorine Required, and read point on 
Line C, which shows setting for 

Chlorine Feeder. 


2. For any value in excess of maxi- 

mum indicated on Scales A, B or 
C, introduce proper factor of 10 or 
multiple thereof. a 
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Supplementary Suggestions 


1, Greatest accuracy will be had when 

the angle of the straight-edge ap- 
proaches a right angle with Line B (See 
Example 2, over). Multiplier of 10 may 
be applied to aid in accomplishing this 
objective. 


2. If straight-edge does not cross all 

three scales, introduce necessary 
factors of 10, 100, etc., and move straight- 
edge to points where all three scales will 
be crossed, (See example 3, over.) 
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CHICAGO- 














The Chicego Seles system may be 
mounted on top of the digester to 
cut installation costs. Cut-away 
shows simplicity of system with 
only diffuser for hot gases extend- 
ing into the sludge 


Compact Control Panel for the 
Chicago-Selas Sludge Heater. 


— ’ 


—-— z a 
. = 
: - 
& & | 
’ 
J, 


Chicago-Selas 


HEAT TRANSFER SYSTEMS 


Two Experts 
Teamed Up 
to Serve You 
Better 


SELAS... 


The principle of direct heat transfer, 
deve loped by the Selas Corporation 
of America, has found wide accept: 
mee in industrial applications. To- 
ether with Chicago Pump Engineers. 
this principle has been applied with 
vreat success to sludge heating. The 
efficiency and operating advantages of 
this form of sludge heating have been 
well demonstrated, first at the City of 
Philadelphia and at other treatment 


plants throughout the country 


W rite to Dept (, 
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for Sludge-Heating 


MAXIMUM EFFICIENCY _— One pass through the small heat transfer 
tank boosts sludge temperature 10 to 20 degrees F. Approxi- 
mately 90°° of heat available in the digester gas is transferred 


directly to the sludge 


LOW COST INSTALLATION 


located at digester, requiring minimum piping and valves. 


Heater and transfer tank may be 


NO HIGH COST OIL STAND-BY EQUIPMENT _ Operates efficient- 
ly on nationally available manufactured gas if necessary. A single 
control valve is the only stand-by equipment required. Low gas 
consumption makes Chicago-Selas system ideal for medium sized 


plants with limited gas production 


Agitating action of heated gases expelled 


UNIFORM HEATING 


into transfer tank assures complete heating of all sludge. 


MINIMUM MAINTENANCE Heat is distributed without mechan- 


ical equipment in the tank. No sludge tubes to cake-—-no cleaning 


PRECISE TEMPERATURE CONTROL All gas control and safety 


equipment is approved by Associate Factory Mutual Fire Insur- 


CHICAGO PUMP COMPANY — 


Subsidiary of Food Machinery and Chemical Corporation + 


SEWAGE EQUIPMENT DIVISION 
$22 DIVERSEY PARKWAY @ CHICAGO 14, ILLINOIS 


Fluch Kleen, Seru-Peller, Plunger + Swing Ditt Stati y Die 
Horizontal and Vertice! Non-Clogs § Mechanics! Aerators, Com 
Water Seal Pumping Units, Sampk Aereter-Claritiers, Comminutors. 
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SLUDGE DISPOSAL 


MATTER which settles 
(except grit) 
sludge results 
treatment, secondary 


he V1 
from is 
termed 
Irom primary 


sludge comes from final clarifiers. 


sewage 


sludge. Raw 


Che two sludges are entirely differ 
in characteristics (and trickling 
filter humus differs somewhat from 
sludge ) f 
these 


ent 


activated Regardless of 


source, solids cannot be dis 


posed of without some treatment or 
result of 
sludge may consist of digestion, de 


nuisance will lreatment 


watering and drying and/or incinera 


tion. In some instances dewatering, 


Raw S/udge from 


Settling Ta S 





LEGEND 


SLUDGE & SOLIDS 
SEWAGE LIQUORS 


drying and/or incineration take place 
without digestion. Secondary sludge 
when dried makes an excellent soil 
conditioner fertilizer ) ; 
sludge is less desirable for this pur- 
pose and raw sludge should not be 


(or digested 


used on the soil. 

Digestion of sludge is an anaerobic 
that it 
takes place in the absence of atmos 


bacterial decomposition, 1s, 
pheric oxygen. 


all 


some more than others, one of the 


Since sludges contain water, 


methods of sludge treatment is to re 


duce that water content. Included in 
SAimmings from 
Sett/ing Tanks 





GAS 
AIR 





SLUDGE PUMPING 
STATION 





VAPORS 
COMBUSTION GASES e===s 


a 











SLUDGE CONTROL 
BUILDING 


OIL 
STORAGE 





Weter 


the methods of accomplishing this re 
sult are the processes of sludge thick 
ening, draining on sand beds, vacuum 
filtration and biological flotation 

Dewatered sludge may be dried in 
the open air on sand beds, or mechani 
cally in furnaces designed especially 
for that use. The former process is 
termed natural drying. 

Where disposal areas and facilities 
are not available for either wet 
dried sludge, it may be burned in an 
incinerator. The resultant ash must be 
disposed 

The accompanying diagram shows 
a modern sludge disposal system 
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Flow diagram of modern sludge disposal system 
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SLUDGE HANDLING” 


DISPOSAL of 
or problem in a sewage treat 
plant. Facilities for handling 

re add to the cost of construction 


sludge is a 


‘lp 
operation. Problems peculiar to 
ludge vary accord 


sludge 


handling oO! 
to the type of being 


ludge from primary treat 
ts contains from 5 to 8 per 
if heterogeneous nature in 
coarse fibrous ma 


particles 


terial, grease fine sand, trash and 
(where 
Activated 
and trickling filter sludge is relatively 
with than 3 per 


olids and presents few hydrauli 


rround screenings screenings 


ine commuiunuted } sludge 


homogeneous less 
cent 
w mechanical problems in handling ; 


trickling filter humus is similar 


Screenings and Skimmings 


Probles of handling ground 


crecning can he reduced by usiny 


creel with openings ot ; to 1 in 


discharging the ground screen 


thead of the 


ind 


ing 


screens. (oarse ma 


erial | the grinder is caught 


iVilipy 
again and reground 

kimmings consist of all types of 
Hotable 


ecdimentation 


material which will rise in a 
tank. This 
kimmed off to wells from 


material is 
frequent! 
which it 1 
vith the 
centage of this heterogeneou 


pumped to digesters along 
raw sludge. A major pet 
material 
which includes fats, waxes 
addition to these 
kimming’s contain 
matches 


rag hair, and other 


l vrease 


oap and oils. In 
sub tance also 


tick leaves, paper, feces, 


sOap miscellan 


plants, skimmings have 


been sold for their grease content but 
this practice is not generally econom 
ically feasible. In other 
kimmings are burned in special in 


\ he re 


to digestion 


installations, 
cineratorfr skimmings are 
tanks with 
the resulting problems in 
difheculties, clogged 
and scum formation 


transterred 


raw sludge 


( lucte 
linn 


pumping 
ind meter 
in digester 
Pumping difficulties result from the 
congealed character of the skimmings 
to flow Chis prob 


and their resistance 


obtained 
Handling” by 
Whks., Ref. & 


* Material tor these notes was 


blems in Sludge 


Sew 


from “Pr 
C. R. Velzy—Wat 
Data issue, Apr. 1948 
1955 
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lem is overcome to some extent by in 
troducing excess water with the skim 
mings in the well and ahead of the 
pump Sludge lines handling 
skimmings become reduced in size and 
may even clog entirely due to the de- 
position of the grease on the inside 


suction 


surface of the lines 

Metering of skimmings is difficult 
because of the tendency of the ma- 
terial to deposit on the inside surfaces 
of the measuring devices and to clog 
the throat of differential producers 


Pumping Sludge 


Pumps employed for raw sludge 
may be positive displacement piston 
pumps or “screw-feed” centrifugal 
pumps or a combination grinder and 
centrifugal pump. Clogless centrifugal 
pumps have come into use in recent 
years 

The choice of pump will usually 
consider factors of location, type of 
sludge, suction and discharge head, 
etc. Generally, 
placed in pumping stations below the 
water level in the sedimentation tanks 
and therefore operate under a positive 


raw sludge pumps are 


suction head. Provision must be made 
for a build up of pressure resulting 
from depositions in the discharge line. 
Thus rugged equipment is required 
It is always desirable to have a mini- 
mum length suction pipe and as few 
bends as possible in the suction line 
Maintenance on sludge pumping 
equipment is high, wear on packing is 
rapid. This is especially true where 
the from a combined 
system and contains fine grit (80 to 
100 mesh ) 
in sludge pumping stations caused by 
leaking packing, cleaning obstructions 
from pumps, and drawing samples 


sewage comes 


Cleanliness is a problem 


Piping 

rhe sizing of pipe for sludge pump 
discharge lines presents a problem in 
sludge handling. Some designers pre- 
fer small pipes to produce high scour 
velocities and prevent deposition in 
the pipe line ; others prefer large pipes 
give low velocities with low 
head loss. These pipe lines should 
have as few bends as possible and 
cleanout holes at elbows are desirable. 

Where skimmings are pumped 
through raw sludge lines and deposi- 
tion of cleaning may 


whi h 


grease occurs, 


be done by steam injection to heat the 
water in the lines. For cast iron pipe 
this heating (and cooling) must be 
slow and controlled to prevent crack- 
ing. Temperatures of 150 to 180 deg 
F are desirable. The use of steel pipe 
for sludge lines is warranted where 
steam cleaning is to be used and it has 
been suggested that twin lines be in- 
stalled so that interruption to pump- 
ing can be avoided during cleaning 
operations. 


Metering 


Jecause of the nature of the mate- 
rial being metered, and the tendency 
to clog, the metering device should be 
the simplest possible. A Venturi tube 
especially designed for handling the 
sludge and with continuous flushing 
systems for the pressure connections 
is the most practical. 

Some designers do not include met- 
ering devices in sludge lines, first be- 
cause of the difficulties of keeping the 
device clean and secondly because the 
nature of sludge makes it difficult to 
measure rate of flow. Other design- 
believe that a measurement of 
sludge pumping discharge, even if 
inaccurate, is desirable. It indicates 
whether or not pumps are operating 
or plugged, and it gives some indica- 
tion of the amount of sludge removed 
in the settling tank and the loading 
on the digestion tanks. Both factors 
are important to good operation 


ers 


Miscellaneous Problems 


Sampling of sludge presents difh 
culties, yet is essential to control of 
loadings on digesters as well as deter- 
mining the effectiveness of sedimen 
tation. In order to control the con- 
centration of sludge discharged to 
digesters, it is necessary to sample 
frequently to make sure that the con- 
centration of sludge being pumped is 
at the desired level. This control pre- 
vents the costly pumping of volumes 
of cold water into digesters. 

The handling of secondary sludge 
is not as difficult as raw sludge; it 
presents few problems of pumping or 
clogging of lines. Sampling is re- 
quired in order to control the amount 
of free water pumped with the sludge. 
In some instances, secondary sludge 
is thickened to reduce its water con- 
tent before it is discharged to digest 
ers or other disposal processes 
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4 an elementary lesson. And that’s 
one of the big advantages of ACf 
Cylindrical Round Port Valves. Because 
they are the exact size and shape of 

the pipe itself... they assure smooth, 
unrestricted flow of the most heavy viscous 
ladings. No obstructions. No loss in head 
pressure. No turbulence and harmful 
abrasive effects from solids in suspension. 
Just the utmost in flow perfection! 


Remember, too, both QCf Round Port 
Valves and Rectangular Port Valves feature 
quarter-turn shut-off ... full pipe area 
opening ...and non-wedging design. All 
together ... these advantages add up to 
extra long, trouble-free service life that 
really s-t-r-e-t-c-h-e-s your maintenance 
budget. Representatives in 50 Principal 
Cities. Write for descriptive Catalog 5-WS, 
acf Industries, Incorporated, 

Valve Division, 1501 E. Ferry Avenue, 
Detroit 11, Michigan. 





Proved Best on On Chemical Plant In the Petroleum Industry 
Raw Sewage Lines Applications 


AC f &@)* plue VALVES 
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Equipment and Methods 


for Modern Waste Treatment 


Since 1893, P.F.T. equipment and processes have been used by cities and industries of all sizes throughout 


the country for effective waste treatment. Whether extending ca 


cities, converting to newer methods or 


installing new systems, P.F.T. ey is economically adaptable to existing structures. Suitable to all 
> 


current waste treatment systems, 
and most completely equip 

P.F.T. stands squarely 
remains in use, 


FLOATING COVERS — An integral part of “controlled” digestion, P.F.T. 
Floating Covers provide positive scum submergence and safe utiliza- 
tion of gas. Operations are simplified because no fixed levels need be 
maintained—covers simply rise or lower with additions and with- 
drawals. Available in different shapes and sizes for various tank 
requirements. Bulletin 332. 


GAS SAFETY EQUIPMENT—A number of devices affording the test 
possible protection against explosive or burning mixtures of sewage 
sludge gas and air: flame traps; pressure reliefs; pressure reliefs 
eoenbined with waste gas flame traps; flame cells; waste gas burners; 
drip taps, accumulators and manometers 


.T. equipment ranges from the smallest siphon installation to the largest 
municipal! installations. 
hind its products and provides expert field service as long as its equipment 


fe cb are bane | in 


DIGESTER HEATER AND HEAT EXCHANGER — External! heaters for di- 
estion tanks allow complete accessibility in a compact unit of 
righ thermal efficiency. w sludge or a mixture of raw and recir- 
culated digester contents is heated by passing through the unit. With 
external heating, the problems of heating coils within the tank 
(caking, corrosion, breakage) are avoided Cleaning and mainte- 
nance are simplified 

7 


ROTARY DISTRIBUTORS —For effective, even distribution of settled 
sewage over the surface of a trickling filter. Soundly engineered and 
ruggedly constructed, P.F.T. Distributors are available in a number 
of sizes for different bed diameters and flow conditions. Specially 
designed spreader jets reduce clogging and are easily cleaned. 


Other P.F.T. Equipment and Processes 


Sprinkling Filters and Siphons—Bulletin 130 
Supernatant Liquor Selectors and Gavges—Bulletin 443 
Cover Position Indicators—Bulletin 236 

Flush Tank Siphons and Regulators—Bulletin 222 
Prefabricated Roofing for Floating Covers—Bulletin 332 


Pearth Gas Recirculation—Bulletin 332 
Twin Tank Controls—Bulletin 130 
Alternating Siphons—Bulletin 124 
Sewage Siphons—Bulletin 125 
Sprinkling Filter Nozzies—Bulletin 208 


PACIFIC FLUSH TANK CO. 


4241 Ravenswood Ave., Chicago 13, Ill. 


+ SAN MATEO CALIF ° 


Ww.&85.W REFERENCE & DaTA— 1955 


CHARLOTTE N c . 


JACKSONVILLE bd DENVER 





SLUDGE DIGESTION AND GAS UTILIZATION 


AW SEWAGE sludge is under- 

going active decomposition as it 
settles to the bottom of a primary 
sedimentation tank. This decomposi- 
tion can be controlled if the sludge is 
removed almost immediately to a 
separate compartment, otherwise the 
sludge will float upward into the 
settling zone and leave the settling 
tank with the effluent 


Sludge Digestion 

Fine screenings are practically al- 
ways incinerated, but raw sludge 
from primary sedimentation tanks is 
practically always digested. In many 
trickling filter and activated sludge 
plants, the sludge from the final clar- 
ifiers is returned to the primary clari- 
fier, or it may be pumped directly to 
the digesters. The former practice 
has less upsetting effect on digestion. 

[he decomposition or digestion of 
sludge is brought about by bacteria 
which function in the absence of at- 
These organisms 
sewage and 
begin to develop as soon as conditions 


mospheric oxygen 
are always present in 
anaerobic (no dissolved oxy 
gen). The principal bacteria are of 
several types working together, but 
the reaction involved is an anaerobic 
hydrolysis and oxidation of the or- 
matter to produce fatty (or- 
ganic ) which in turn are de- 
composed to produce gas consisting 
of carbon dioxide and methane and 
small amounts of hydrogen, hydrogen 
sulfide, and ammonia which is dis- 
solved in the liquid. Although most 
of the gas is produced in the first 
week, further digestion is necessary 
to stabilize the remaining organic 
matter, reduce its water binding char- 
acteristics, and produce a good di- 
gested sludge, which will be black, 
have a slightly tarry odor, drain well, 
Chus there are 


become 


ganic 


acids 


and be inocuous as fill 
two stages of digestion 

If digestion tanks are overfed in 
relation to capacity, or lack sufficient 
heat, or fail to maintain the proper 
pH, the acid “intermediates” produc 
tion may outstrip the conversion of 
those The tanks then 
become sour, the pH drops, odors 


acids to gas 
result, gas production decreases, di- 
gestion down and may stop 

Control of temperature is very im 
portant and in some cases the addi- 
used to raise 


slows 


tion of lime has been 
the pH which has been lowered by 
the production of the organic acids 
Best control is to reduce the rate of 


feed and to keep a check on the vola- 


tile acids, to make sure that they do 
not go above 2000 ppm. 


Digestion Tanks 


Digestion takes place in the sludge 
compartment of an Imhoff tank or 
in separate sludge digesters, where 
clarifiers are used for primary sedi- 
mentation. No attempt is made to 
heat Imhoff tanks, but the sludge 
compartments are usually well below 
ground level. Separate sludge di- 
gesters are heated (either by internal 
hot water coils or by external heat 
exchangers) to maintain approxi- 
mately optimum temperature 

Generally, digester capacity of 2 to 
4 cu ft is provided per capita in 
heated tanks. More is required in un- 
heated tanks and where ground gar- 
bage is a factor in the quantity of 
sludge received. Digesters of 1 cu ft 
per capita have been built but scum 
may result with this low capacity 

Provision is made in all tanks for 
the addition of raw sludge, and the 
removal of supernatant liquor and 
digested sludge, the former from the 
upper part of the tank and the latter 
from the bottom of the tank which 
usually has a conical bottom to facili 
tate sludge removal 


Supernatant liquor is withdrawn 
from the digestion tanks when raw 
sludge is added; intermittent addi 


rotation to several tanks is 
generally practice in preference to 
continuous addition. Supernatant 
liquor should be fairly free of sus 
pended matter. It is high in B.O.D 
and has a high chlorine demand, both 
vary with the car 
usually returned to the 
incoming raw sewage; it may be 
treated by aeration, elutriation, or 
settling before return 


tion in 


of which solids 


ried. It is 


Digested sludge is drawn at inter 
vals from the bottom of the tank and 
transferred to the next step in the 
process, dewatering. Digestion re 
duces the amount of sludge 
by 35 to 50 per cent and the volume 
of sludge by about one-half, while 
the concentration of solids is practi 
cally doubled. Since digestion takes 
place in two stages (gasification and 
liquefaction, and dewatering of col 
loids), it has been found advantage 
ous to separate the two stages into 
two tanks: i.e., two-stage digestion, 
with 65 to 75 per cent of the total 
digestion capacity in the first stage 
Usually only the first stage is heated 
and provided with gas collection. The 


solids 


over-all capacity and cost of construc 
tion and operation can be reduced 


Operation Problems 


Among the problems of sludge di- 
gestion tank operations are ( 1) mix 
ing raw sludge with undergoing 
active digestion (i.e., seeding), (2) 
heating, (3) scum formation, (4) 
ineffective separation of sludge and 
supernatant liquor, (5) foaming and 
(6) fine sand 

The design of modern tanks has 
been developed to minimize all of 
these problems. For example, diges- 
tion tanks may have fixed or floating 
covers; each has certain advantages 
Floating covers submerge the scum 
and keep it from drying out and 
utilize recirculation of supernatant 
liquor or digested sludge to “knock 
down” the scum, and maintain good 
seeding 

lixed cover digesters may employ 
mixers in the covers or down draft 
mixing tubes in the center of the 
tanks to provide mixing of seed and 
raw sludge and to minimize scum 
formation. Heating is accomplished 
by coils around the tanks or by ex 
ternal heat exchangers which provide 
heating and thorough mixing of seed 
and raw sludge and reduce scum 

rhe latest method for controlling 
scum formation is the recycling of 
gas from the digester into the area 
of the scum layer (the PFT-Pearth 
System) or into the sludge compart 
ment (The Chicago Pump Co. Cata 
lytic Reduction Process ) 

Where poor supernatant liquor ex 
ists because of lack of separation of 
sludge and liquor, the cause is usually 
due to high loadings of solids per 
unit capacity and to high gas produ 
tion rates per sq ft ol 
in the tank. Special devices, essen 
tially screens, are available to aid in 
assuring that the best supernatant liq 


surface area 


uor will be selected for withdrawal 
Foaming is a condition which re 
sults when digestion proceeds at rates 
above normal for the particular tank 
his condition occurs when tanks are 
overloaded, or when tanks are overfed 
at low temperatures and then warmed 
up to normal operating temperatures 
Overloading often will produce an 
excess of volatile acids which depress 
the pH to a point where digestion 
practically ceases. This is 
“stuck” digester 
discontinuing feeding or 


sometime 
termed a Remedies 


consist of 
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Reports Available 


CATALYTIC REDUCTION PROCESS* 
Triples Sludge Digestion Rate to 


Boost Digestion Tank Capacity 

The CATALYTIC REDUCTION PROCESS 
is the only proved process for accelerating 
biological digestion. Originating in 1946, the 
PROCESS was developed, tested and verified 
over six years on both laboratory and plant 
scale. The results have been proven in full 
scale plant operation at the Columbus, Ohio 
and Erie, Pennsylvania Sewage Treatment 
Plants. The PROCESS is now being installed 


in seven other cities. 


DETAILS OF ONE TEST 

The CATALYTIC REDUCTION PROCESS 
applied to one 70’ tank at the Columbus Plant 
3.38 times the quantity of sludge 


digested 


eS oaraeue @ 


solids digested in a similar tank in parallel 
operation not using the PROCESS. The tank 
operating under the PROCESS produced a 
reduction of solids within established ranges, 
normal gas production and readily driable 
odorless sludge. 


PREVENTS FLOATING 
DIGESTIBLE SOLIDS 


By providing accelerated digestion, the 


CATALYTIC REDUCTION PROCESS 
offers the only fundamental and satisfactory 
method for preventing deep surface accumu 
lation (sometimes mistakenly called scum) of 
digestible solids that are symptomatic of inade- 
quate digestion. CRP simultaneously acceler 
ates the uniform digestion of ALL digestible 
solids. 


CHICAGO PUMP COMPANY 


Subsidiary of Food Machinery and Chemical Corporation ° 


Reports describing the PROCESS in 
detail are available on request 


Write to Department F. 


SEWAGE EQUIPMENT DIVISION 
$22 DIVERSEY PARKWAY @ CHICAGO 14, ILLINOIS 





Flush Kleen, Sera-Peller, Plunger 
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* Patents Applied For 
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Swing Dithusers, Stationary Diffusers, 
Horizontal and Vertical Non Clogs ' | Mechanical Aerators, Combination 


Woter Seal Pumping Units, Sample 








Aerater-Claritiers, Comminutors 











Ask leading engineers why, in the past four years, 
they have specified Chicago-Wiggins Digester 
Covers and Gas Holders for more than 50 major 
installations. They'll tell you about the maximum 
gas pressures that are possible, the positive scum 
submergence and the non-tipping feature of 
Chicago-Wiggins Covers. They're sure to men- 
tion superior structural design which provides the 
highest live load safety factor of any cover. They 
will explain how lower ceiling plate stresses are 
achieved through modern welding and design; 
how a positive anti-rotation device keeps trusses 


always above tank corbels. 


rhe features that have earned this preference by 
consulting and design engineers are yours when 
you specify Chicago-Wiggins Digester Covers and 
Gas Holders. Write Dept. H for complete details. 








ASK LEADING ENGINEERS ABOUT.... 


- 
Chicago-Wiggins 


DIGESTER COVERS 
and GAS HOLDERS 


PONTOON 
COVERS 


Always float on 
liquid —never 


gas 


LODEK 
COVERS 


lowest first cost \ 
for 75-*. to 150 
ft. diameters 


WET GAS 
HOLDERS 


Self balancing 
with a_ positive 
seal Economical 
in first cost and 


in maintenance 


*Chicago-Wiggins Digester Covers and Gas Holders 
are products designed specifically jor sewage digesters 
They are the result of the combined experience of 
Chicago Sewage Engineers and Mr. John H. Wiggins 
designer of the well-known Wiggins FPioating Cover 
of which more than 5000 have heen built in the lav 


25 years. 
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adding lime to neutralize the acids. 
ine (60-100 mesh) will not 
ettl grit chambers but will 
settle in primary sedimentation tanks. 
I his settled sand will be removed with 
the in the clarifiers and will be 


and 
out nm 


ludge 


pumped to the digesters. Since there 


are no scraper mechanisms, the fine 
will collect on the sides of the 
cones in digestion tanks and gradually 
build up a hard layer which will not 
he removed with digested sludge, but 
vill reduce the tank capacity avail- 
able for sludge digestion. Dewatering 
tank 


sand 


and cleaning the is necessary 


Control 

In addition to relatively close con- 
trol of temperature, near 95° F, tests 
hould be made to ascertain the vola 
tile acid and alkalinity content and 
the pH of the liquor 
additions should be made 
constant rates to assure 


sludge 
at relatively 
constant and uniform food supply 
for the bacteria. The solids 
content of the sludge should be as 
high as possible to avoid unnecessary 
heating of useless cold water 

Digested sludge withdrawals from 
the tanks should be at relatively low 
rates in order to avoid withdrawing 
good active seed material. Where two 
stage digestion is practiced transfer 
from the first to second stages should 
be at low rates and never in quanti- 
ties that deplete the seed sludge in 
the first stage 

Observations of the character of 
the digested sludge help the operator 
to control the withdrawals. It is also 
possible to analyze the sludge for 
volatile content to determine 
whether or not digestion is complete. 
No definite value can be assigned to 
the relation between volatile acid con 
tent and the state of satisfactory di 
gestion but 2000 ppm is probably the 
desired upper limit 

It has found that there is a 
relatively stright line relationship be 
tween the volatile matter content of 
the raw sludge and the per cent re 
duction necessary to produce a well 
sludge. For example, in a 
raw sludge containing 80 per cent 
volatile matter, each 100 Ib of dry 
olids contains 80 Ib of volatile mate 
rial and 20 lb of ash. If that sludge 
is decomposed to a well digested con 
dition the 20 Ib of ash will have asso 
ciated with it 16 lb of volatile matter 
(i.e., it will contain 43 per cent vola 
tile matter) Therefore the original 
volatile matter of 80 Ib has been re 
16 lb or a reduction of 83 


active 


matter 


been 


digested 


duced to 
per cent 

Likewise when a raw sludge of 55 
per cent volatile matter is digested to 
condition, it will con 
45 per cent vola 


a satistactory 
tain approximately 
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tile matter or a reduction of approxi- 
mately 33 per cent. A straight line can 
be drawn between these two points to 
predict the per cent reduction for 
other raw sludge of different compo- 
sition. 


Garbage Digestion 

Ground garbage may be introduced 
into the sewer system from home 
garbage grinders, or it may be ground 
at a central location and introduced 
into the sewer system, or it may be 
ground at the sewage treatment plant 
and introduced directly into the 
sludge digester. The latter system 
produces the fewest operating prob- 
lems at a sewage plant. 

Che amount of garbage contributed 
to the system is approximately 0.5 Ib 
per person per day. Of this approxti- 
mately 75 per cent is moisture. The 
dry solids, contain from 85 to 90 per 
cent volatile matter. When ground 
garbage is introduced into the sew- 
ers, there is an increase in grit re- 
moved in the grit chambers, and an 
increase in suspended and 
B.O.D. load on the plant. 

Garbage digest well, but 
careful control of loadings is neces- 
sary to prevent volatile acid develop 
ment. Combinations of garbage and 
sewage solids on a 1 to 1 ratio of 
volatile matter content can be easily 
handled. Gas production is increased 
as is the methane content of the gas. 


solids 


solids 


Gas Production and Composition 

The quantity and composition of 
the gas and the dissolved products 
can be mathematically predicted if 
one knows the composition of the 
organic matter undergoing digestion 
(i.e., the carbon, hydrogen, oxygen, 
nitrogen, phosphorus, sulfur content 
of the organic matter). Under normal 
conditions of operation the gas pro- 
duced from sewage sludge contains 
50 to 55 per cent CO, and 60 to 65 
per cent CHy,, less than 1 per cent 
hydrogen and hydrogen sulfide com- 
bined and 2 to 5 per cent nitrogen 
(from dissolved air in raw sludge) ; 
it has a heat value of approximately 
600 to 650 Btu. per cu ft. About 1 cu 
ft of gas is produced per capita per 
day 

Under optimum conditions of tem- 
perature (85 to 90 deg. F.) and pH 
(6.8 to 7.4), about 50 per cent of the 
gas produced will be given off in 24 
hours, with the other 50 per cent 
evolved over the next 20 to 50 days 
(about 90 per cent in one week). Rate 
of gas production per day varies di- 
rectly with temperature of the di- 
gesting mass. 
Gas Utilization 


Provision is generally made for col- 
lecting and utilizing the gases pro- 


duce. Limited amounts of gas may be 
stored under either floating or fixed 
covers. Larger quantities may be 
stored in spherical pressure holders 
or gasometers. 

Gas produced by slude digestion 
are quite usable for several purposes, 
principally for heating plant buildings, 
for heating sludge digestion tanks, 
for burning dried sludge, for internal 
combustion engines to produce power 
and for laboratory uses. 

When used for heating buildings 
the gases are burned in a furnace 
equipped with dual burners to per- 
mit the use of oil when gas production 
is low. Dual burners are also required 
in furnaces for drying sludge and in 
external heat exchangers for heating 
sludge digestion tanks. Heat ex 
changers can operate directly from 
combustion of fuel or can be adapted 
for use where gas is utilized as a 
source of power for gas engine opera- 
tion. In this case, engine jacket heat 
can be dissipated by circulation 
through the water bath of the heater. 

One of the most profitable uses of 
sludge digester gas is to operate in- 
ternal combustion engines for power 
production or to operate blowers in 
activated sludge plants, or to operate 
pumps. For normal gas production of 
approximately 1 cu ft per capita per 
day (650 Btu per cu ft), it is calculated 
that 2.5 hp can be produced for each 
1000 persons. If garbage is digested 
this value is approximately doubled. 

If the gas contains much hydrogen 
sulfide, it must be scrubbed or the cor- 
rosive action will be objectionable. The 
HS content should not exceed 0.07 
per cent by volume or 50 grains per 
100 cu ft. Hydrogen sulfide is re 
moved in scrubber containing finely 
divided iron oxide held in wood shay 
ings. 

Gas engines for use on sludge gas 
may be obtained in sizes from 15 to 
1800 hp. They may be connected to 
generators, air blowers, or sewage 
pumps through gearing. Hundreds of 
these engines are now in use in sewage 
plants. The dollar savings from the 
use of gas engines is appreciable. In 
one city of 30,000 population where 
diffused air aeration is used in the ac- 
tivated sludge process, the yearly 
“earnings” of gas engines was nearly 
$8000. 

In many locations, dual-fuel en- 
gines are used. These are “diesel en- 
gines which use all oil on the diesel 
cycle or predominantly gaseous fuel 
with fuel oil ignition and are fully 
convertible from one fuel to the 
other.” The use of these engines 
makes it possible to operate the power 
generating system (or blowers) con- 
tinuously as desired in spite of varia- 
tions in gas production. 





Superintendent 


UCH has been written pro and 
4 con concerning the use of lime 
in digesters. It seems that those who 
frown upon this practice are becom- 
ing increasingly vehement, but since 
it has been used at Portsmouth, Va., 
on several occasions to cure an ail- 
ing digester, it is believed that it 
can be of great help to others with 
similar operational setups. 


Plan Facilities 


The Portsmouth plant is a primary 
treatment plant with two-stage di- 
gestion and an external heat ex- 
changer. The primary digester has 
three drawoff pipes at the bottom: 
one in the center, and one at each 
side. There are also three sludge 
inlet pipes: one at each side about 
half-way up the tank, and one at 
the top center. The other regularly 
used pipe is the automatic overflow, 
which leads to the secondary di- 
gester. 

The primary tank contents are 
kept homogeneous by continually 
withdrawing sludge through one of 
the bottom pipes, passing it through 
the external heat exchanger, and back 
through one of the inlets. If no heat 
is needed, the hot water is diverted 
from the exchanger, but circulation 
is continued. The drawoff point is 
changed every 8 hrs., the inlet point 
being changed very hour. 


Ordinarly, 10 min. pumping per 
hour of raw sludge (800 gal. at 5 
per cent solids) is sufficient to keep 
the sludge drawn down in the sedi- 
mentation sludge is 
mixed with circulating sludge at a 
tee in the pipe gallery; no other heat 
is applied to the raw sludge. The 
temperature of the primary digester 
is maintained at 95° F. and the 
solids at about 5 per cent. 


basins. Raw 


Mr. Rockecharlie’s article is reprinted from 
J.F.S. & 1W.A., Vol. 25, p. 613, with permis 
sion of the Association 


Liming a Digester 


By B. F. ROCKECHARLIE 
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Sewage Treatment Plant, | 
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FIGURE |.—Effect of lime addition to raw 


Liming 

There are, of course, many things 
that can cause the pH of a healthy 
digester to start falling. Experience 
has taught that it is wise to begin 
liming before beginning to look for 
the trouble. It is not believed that 
moderate liming can harm a digest- 
er, Realizing that the word “moder- 
ate” is much too general, the fol- 
lowing is presented as an indication 
of the manner in which the lime was 
introduced into the Portsmouth 
digesters during the period covered 
by Fig. L 

From Rudolfs’ lime chart’ it was 
determined that about 20 Ib. of hy- 
drated lime per 800 gal. would be 
neded to bring the raw sludge (pH 
5.8) to pH 7.3. On the hour, there- 
fore, the lime was mixed in about 
100 gal. of water in the scum pit and 
the solution was pumped to the di- 
gester. This was followed immedi- 
ately by the regular 10-min. pump- 
ing of raw sludge, through the same 
inlet pipe. The next hour the same 
procedure was followed, using a dif- 





1 ” as 
April, 1952 


sludge on digester pH, Portsmouth, Va. 


ferent digester inlet pipe. Circula- 
tion of the digester contents was 
continued as in normal operation 

Fig. 1 shows that liming started 
with one-half the calculated amount 
per hour, and worked up to one and 
one-half times that amount, with at 
least 24 hr. at one rate of dosage. 
Lime dosages other than 240, 480, 
and 720 lb. resulted from changing 
the dosage rate during the day in- 


stead of at midnight 


Conclusions 


Many of the ailments that cause a 
falling pH cannot be cured with 
lime, but quite often these intangi 
bles are difficult to pin down, It is 
suggested that at such times the 
liming program be initiated before 
proceeding with the diagnosis. The 
lime, if used moderately, can do no 
harm to the digester, and it may 
save one from the embarrassment 
of a driveway covered with foam. 
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Chart for Determining Per Cent Sludge Digestion 


By FRED H. BURLEY 


Supervisor Sewage Treatment Plant, Detroit, Mich 


<0 JO FO 
PERCENT REDUCTION /N VOLATILE MIATTER 


. IS generally conceded that an excellent index to effective 

sludge digestion and efficiency of digester performance is the 
degree of conversion noted of the volatile matter in the sludge 
passing through the digesters. The degree of conversion is best 
expressed as per cent reduction of volatiles entering in the form 
of raw solids 

Volatile matter converted during anaerobic digestion is either 
evolved as gases or remains in the mother liquor (supernatant) 
1s soluble organic or mineralized substances. The amount of gas 
produced is variously estimated at from 16 to 20 cu. ft. per pound 
f volatile matter converted 

The writer has found frequent computations of per cent reduc 
tion of volatiles on this basis to be a valuable check on digester 
efficiency, particularly so when considering the average figures 
for volatiles in the raw and digested products on the dry basis, 
from which the true reduction can be computed according to the 
following example. Assume 
Fixed 
26.5% 


48.8% 


Volatiles 
73.5% 


51.2% 


Raw Sludge 
Digeste d 
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35O 1 7O Go 


Since in the raw sludge there was 73.5 Ibs. of volatile matter 
for every 26.5 Ibs. of fixed solids, there was originally present 


48.8 


in the raw sludge X73.5<=135.4 lbs. of volatile matter for 


6.5 


20 
every 48.8 lbs. of fixed solids. Therefore, the actual reduction is 
135.4—51.2=—=84.2 lbs. of volatile for every 135.4 lbs. entering 
as raw sludge. The reduction on a per cent basis is, therefore, 
84.2 
<100=62.2 per cent. 
135.4 
As a time-saver the accompanying chart was developed. It is 
simple to use. The arrows and dashed lines indicate the manner 
in which the per cent volatile in the raw and digested sludge 
(taking the above example) is located on two sides of the chart 
and the lines followed toward the opposite apex and parallel to 
the base, respectively, to their intersection. The line projected 
from this intersection to the base reveals the percentage reduc- 
tion in volatile matter 





DEWATERING, DRYING AND INCINERATION 


IGESTED (and raw 

sludge, as well 
sludge) contains a large amount of 
free water and in general cannot be 
disposed of until this free water is 
removed direct 
application of liquid digested sludge 
to farm land.) Therefore, the sludge 
dewatered before the final 
Dewatering may be 


sludge 


as secondary 


( (one exception 1S 


must be 
step in disposal 
accomplished on sand beds, by chem 
ical coagulation and vacuum filtra 
tion, lagooning, and, in the case of 
raw sludge, by flotation through bio 
logical activity followed by filtration 

Sand beds or sludge drying beds 
are level areas of underdrained sand 
upon which the wet sludge is applied 
to a depth depending on the kind 
and character of the sludge. The ap- 
plied sludge drains and dries with a 
rapidity depending upon the weather 
conditions and the character of the 
sludge. The “dried” sludge reaches 
a moisture content of 50 to 60 per 
cent, shrinks about 65 per cent in 
bulk and is spadable after ten days 
to three Freezing and thaw 
ing, and rain add to the speed with 
which water-binding colloids are re 
moved from the sludge and hasten its 
dewatering, but where adverse winter 
conditions exist, covering of the beds 


Ww eck 5 


with glass-roofed ‘‘greenhouses’”’ 
makes it possible to carry on opera 
area of sand beds 
required may vary from about 0.5 to 
2.0 sq ft per capita, depending on 
Most sand drying beds 
are used with Imhoff 
tank installations or small plants 


where mechanical dewatering is too 


tions all year. The 


many factors 


in conjunction 


expensive 


Chemical Conditioning 


Sludge conditioning or coagulation 
with chemicals is essential to the ef- 
utilization of vacuum filters 
dewatering sludge 


fective 
means of 
addition of conditioning 
chemicals, the colloidal matter in the 
sludge is “shrunk” and its water re 
filtered. For 
raw, digested and chemical precipi 


as a 
{ pon the 


leased so that it may be 


tated sludges, the common coagulants 
are ferric chloride and lime although 
chloride, aluminum 
with lime 


aluminum and 
sulfates 
For 
consumption averages 2 to 3 per cent 
ferric chloride and 6 to 10 per cent 
(CaO). Raw sludge requires 
chemicals; 1.3 to 1.5 per cent 


have been used 


digested sludges the chemical 


lime 


' 
1€8S8 


ferric chloride and 3.5 to 4.0 per cent 
lime. Activated sludges can be condi 
tioned with ferric chloride alone, with 
3 to 4 per cent of chemical. ( All pet 
centages are based on pounds of dry 
chemical to pounds of dry sludge 


solids ) 


Elutriation 


Klutriation is a process for the 


washing” of digested sludge by pass 
ing the sludge counter current through 
a flow of clear water or sewage efflu 
ent. In this manner, decomposition 
digestion, particularly 
ammonium bicarbonate, are washed 
out of the sludge. Thus the alkalinity 
of the sludge is reduced and there 
fore less lime will be required for 


products of 


conditioning since much of the lime 
used reacts with the bicarbonate al 
kalinity. Elutriation 
those chemical products which tend 
to stabilize the colloidal nature of the 
sludge. With the removal of these 
peptizing’ substances, the sludge 
can be coagulated more easily. The 


also removes 


process was originated by ee 
has installed at a 
number of plants throughout the 
country. Elutriated sludge requires 
little if any lime and only about 35 
per cent as much ferric chloride as 


Genter and been 


unelutriated digested sludge 


Vacuum Filtration 


generally are 
horizontal 


Vacuum Filters 
drums which rotate on a 
axis, partly submerged in a tub of 
conditioned sludge. The deck of the 
drum is covered with a wire mesh or 
other solid which is 
laid a covering of filter cloth. Wool 
cloth is used when lime is not used 


covering over 


for conditioning, cotton cloth where 
lime is used. Synthetic cloths are also 
used. Vacuum is applied inside the 
drum for about five sixths of its ro 
sucked 
cake 
water 1s 
and dis 


Sludge particles are 

the cloth and form a 
During rotation the free 
removed from the solids 
charged through a pump to the raw 
sewage influent. This liquid is clear 
and relatively free of B.O.D 
amounts to about 80 per cent of the 


tation 
against 


and 


volume of the digested sludge treated 

Before the filter drum completes 
its revolution the vacuum is cut off 
and air pressure applied to remove 
the cake from the filter cloth. A 
doctor blade is used to help remove 
the cake. On some filters a string dis 


charge is used in place of air pressure 
and doctor blade, the strings 
lie against the filter cloth for 
of the revolution of the drum 
leave the drum, after the 
and 
roller at which point the sludge cake 
is discharged 

\ variation of the string vacuum 
filter is the Komline-Sanderson Coiled 
Spring Filter. This filter is 
structed with stainless steel decking 


which 
most 
then 
vacuum is 
released, over a 


pass separate 


con 


which two lavers of coiled 


springs (like cords) are laid down in 


over 


means of 
rotating grooved cylinders. Vacuum 
is apphed for 50 per cent of rotation, 
and the filtrate 
through the 
roller 


overlapping positions by 


passes between and 
discharge 


Ww ashed 


which 
over a then are 
before returning to position 


coils, 


and 


The weight of the sludge cake re 
moved may be determined from any 
filter by discharging the sludge cake 
moving conveyor belt fitted 
with a device for continuously weigh 
ing and integrating the weight of the 
sludge on the moving belt 


onto a 


Flotation 


Biological flotation is a process for 
the thickening of raw sludge without 
chemicals and conditioning it for ease 
of dewatering on vacuum filters. Fx 
perimental work of the Alleghen 
County Sanitary Authority at Pitts 
burgh, Pa., before construction of 
the plant indicated that at 20 to 35 
a period of approximately 
fermen 


deg C 
five days produced an acid 
tation and the formation of 
dioxide bubbles which tloated sludge 
solids to the surface of the tank from 
which they 
to vacuum filters. Raw primary sedi 
mentation tank sludge of 5 to 8 per 
cent solids was thus concentrated to 
concentration of 14 to 20 
per cent. Subnatant liquor is clear and 
can be returned to the raw sewage 
The filtered to ce 
crease the moisture content 


carbon 


could easily be removed 


a solids 


solids are easily 


Drying and Incineration 


In small installations, wet sludge 
may be hauled away to a fill 
but in large plants, the cake may be 
dried fertilizer) or 
incinerated, Dryers of 
are available: Double 

heat, Louisville 

louvre, atomizing, and flash dryers 


cake 
(and used for 
several types 
shell, 


rotary, 


sem di 


rect rotary 


Incinerators are of two principal 


W.&S8S.W.—Rererence & Data— 1955 





R-292 


FLASH drying and Incineration System 


Flash Dryer system 
Engineering) and the 
Multiple Hearth ( Nichols 
Engineering and Morse-Boulger ) 

lhe Flash drying system dries and 


t pes Raymond 


(Combustion 


system 


burns the sludge in a dustless, odor- 
less combination of units, consisting 
flash dryer, wet and dry 
sludge heat exchangers, and 
fly ash collector. Wet sludge cake is 
mixed with previously dried sludge 
from the hot gases in a cyclone, some 
being passed to the furnace where it 
is incinerated and some to the pug 
mill for mixing with wet sludge cake. 

The multiple hearth incinerator 
refractory lined, steel 
acketed circular unit containing four 
or more hearths, one above the other 
\lternate hearths have openings at 
the center and alternate hearths have 
openings around the periphery 
tating plows or rabble arms are at- 
tached to a hollow air-cooled vertical 
central motor-drive shaft and the 
teeth of the rabble arms break up the 
and move it to the central or 


Nichols 


of turnace, 


mixers, 


consists of a 


Ro- 


sludge 
peripherial opening. In the 
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Multiple hearth furnace drying takes 
place on the upper hearths 

In the “Martin Multizone” fur- 
nace (Morse-Boulger Co.) the top 
hearths are for drying, the middle 
hearths for incineration, and the bot- 
tom hearths for combustion. Vapors 
from the drying are drawn off and 
discharged into the combustion zone. 
In a modification of this furnace, 
wet sludge is added to the lower zone 
and is dried by downdraft from the 
incinerating zone, the dried sludge is 
then transferred by a conveying sys- 
tem to the top hearths 

This type of furnace has been 
used to burn thickened raw primary 
sedimentation sludge containing 85 
to 90 per cent moisture. Although the 
heat value of raw sludge is higher 
(6000-7000 Btu. per Ib.) compared 
to digested sludge (4000-5000 Btu. 
per lb.), this type of incineration re 
quires more external heat (to evapo- 
rate the water) but it does eliminate 
the need for chemical sludge condi- 
tioning and vacuum filtration and the 
cost thereof 


A ON 








In either type of furnace it is pos- 
sible to obtain dried sludge or in- 
cinerated ash as desired. The ash is 
inert, finely divided, and can be used 
as fill. It has no residual nuisance 
characteristics whatever. 


Lagoons 


Lagoons, earth diked basins, have 
been successfully used as open diges- 
tion units( deep pit sludge digestion ). 
Odors are relatively absent. Opera- 
tion produces satisfactory sludge di- 
gestion and a clear supernatant liquor 
that can be discharged to streams. If 
the beds are used only for digestion, 
at least 0.17 cu ft is required per 
pound of solids added or roughly 
0.017 cu ft per capita per day. If the 
lagoons are also used for dewatering 
as well as digestion, a capacity of 0.4 
cu ft is required for each pound of 
solids added or 0.04 cu ft per capita 
per day, from which figure it is pos- 
sible to calculate the approximate 
number of days required to fill a 
lagoon of known capacity. 





Survey of Vacuum Filtration for 


Disposal of Sewage Sludge 


Operating trends and process costs during the years 1941 to 1953 


By JAMES M. MORGAN and JAMES F. THOMSON 


Mr. Morgan is Assoc. Prof. of Civil Engineering, Virginia Military Institute, Lexington, Vo., and 


Mr. Thomson is Engineer, Whitman, Requardt and Assoc., 


HE removal of any undesirable 

end-product from any process us- 
ually is costly as well as troublesome. 
Removal and disposal of sludge, as 
an end-product of modern sewage 
treatment processes, 1s no exception. 
In essence, the enigma of sewage 
treatment is the disposal of ever- 
accumulating sludge. 

The disposal methods employed 
during the period of modern sewage 
treatment practice have been many 
and varied. Before sludge can be 
disposed of conveniently and safely, 
in and near populated areas which are 
its source, it should be dried to a 
suitable moisture content. The need 
to dewater great amounts of excess 
sludge arose at large activated sludge 
treatment plants. The removal of wa 
ter from sewage sludge on sludge dry 
ing beds had been practiced earlier 
with varying results. This practice was 
considered successful after a highly 
dewatered cake was produced ; often 
considerable time was required to at- 
tain that end. 

The removal of moisture from 
sludge makes it possible to transport 
the dewatered sludge in containers 
that need not be water-tight. When 
the water content of the sludge has 
been reduced to about 60-75 per cent, 
sludge may be readily handled with 
shovel or fork, and is easy to spread 
or work 

By far the speediest method of 
mechanically dewatering sludge is to 
remove the bulk of water through 
some type of filtration. In the United 


States, the most successful approach 
has been the vacuum filtration process. 
Other countries, notably England, 
generally prefer the filter press. When 
mechanical methods became practical 
(during 1920-1930) sludge filtration 
became popular not only for dewater- 
ing activated sludge but also for raw 
and digested sludges, chemical pre- 
cipitated sludges, and combinations 
of these sludges 


Vacuum Filtration Practices 


In the practice of vacuum filtration, 
hollow metal drums of varying lengths 
and diameters are covered with cloth 
(or suitable filtering material), sup 
ported over compartments connected 
both to vacuum and pressure systems 
The drums are designed to rotate 
slowly in troughs of “conditioned” 
sludge. Vacuum is automatically ap 
plied to the compartments as they 
enter the trough, and this causes some 
of the sludge to adhere to the filtering 
material. As the drum rotates, vac 
uum is continually applied (see Fig. 
1) through almost a complete revolu- 
tion, thus dewatering the sludge by 
suction (20-26 inches Hg). At the 
necessary stage of drum revolution, 
the vacuum is released and pressure 
is applied to help remove the result 
ing %4-in, to }%-in. layer of filter cake. 
The cake falls or is scraped from the 
filtering material onto a conveyor belt 
for removal to plant storage grounds ; 
or it is conveyed directly to a waiting 
vehicle for local or long-distance de 
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livery. 

Attempts to filter untreated sewage 
sludge invariably fail. An initial layer 
of colloidal sludge solids builds up 
on the filter cloth and reduces its fil 
tering ability.’ To overcome this op 
erating difficulty, conditioning of 
sludge is the usual practice. In the 
United States, sludge conditioning is 
by chemical treatment; in England 
conditioning has been achieved either 
through the use of chemicals or by 
excessive heating? and, on a labora 
tory scale, by freezing.® 

Moisture in the resulting sludge 
cake depends upon the amount and 
nature of the conditioner as well as 
upon the type of sludge treated 


Conditioning of Sewage Sludge 


Conditioning* of sludges usually 
refers to preliminary mechanical 
treatment and to the addition of chem 
icals or other substances preparatory 
to dewatering. Methods of treatment 
in general use are classifiied as: (a) 
Digestion, (b) Elutriation, and (c) 
Concentration 


Digestion 


Digestion of sewage sludge is not 
practiced at all plants employing vac 
uum filtration, although vacuum fil 
tration of raw sludges is infrequent 
Where raw sludges are to be filtered, 
Fisher® recommended that a thicken- 
ing tank with a 2-day sludge capacity 
be furnished. He also indicated that 
W.&8.W. 
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Fig. |1—BLANKET type of rotary vacuum filter for sewage sludge dewatering. This 
iMustrates cycle of cake formation, vacuum application, and discharge. 
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Komline-Sanderson Eng. Corp 


Fig. 2—COILFILTER. Two layers of springs, lifted from the drum, are separated by 
discharge rolls and cake is discharged from upper layer. 


sludge digested for only 20 days has 
better filtering qualities than one di 
gested for a longer period, Our sur 
vey of sewage treatment plants in the 
United States shows that 21 plants 
1955 
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practice sludge digestion at varying 
temperatures for periods of 30 to 90 
days prior to filtration, and that the 
average digestion time is about 45 
days for all plants reporting 


Elutriation 


Elutriation is the process of “wash 
ing” sludge, using varying ratios of 
sludge to water. The process consists 
of running water and sludge into 
tanks, providing thorough mixing and 
a separation period of 2 to 6 hours, 
decanting the elutriate, and finally 
drawing off subsided sludge for fur 
ther conditioning before filtration 
Elutriation removes the amino-am 
monia nitrogen® which interferes with 
sludge conditioning. This treatment 
is more effective with digested than 
with raw sludge. The elutriate usually 
is returned to primary settling units. 


Experience at Washington, D. C 
in a well designed and operated sew- 
age treatment plant, has shown con 
clusively that elutriation has definite 
economic possibilities and is an ac 
ceptable conditioning process for fil 
tration. The value of elutriation at this 
plant for the year 1941 was deter 
mined to be $11,015. In arriving at 
this value, construction costs, fixed 
charges, and patent right fees were 
included as were labor, materials, and 
cost of electric energy. This repre 
sented a 1.3c per capita savings in a 
population of 800,000. The savings 
actually resulted from a three-fold 
reduction in ferric chloride required 
for concentration. Fuhrman’ con- 
cluded that, at this rate, the elutria 
tion process would pay for itself with- 
in 4 to 5 years. 


In 1941, Washington, D. C., was 
using a 1:3.8 ratio of sludge to water 
volume, with an average alkalinity de 
crease from 3,346 ppm in digested 
sludge, to 450 ppm in the elutriated 
sludge. In 1953, digested sludge was 
elutriated with Potomac River water 
at a ratio of 1:1.5, with the counter 
current method of washing employed. 
The alkalinity decrease in 1953 was 
the same as for a single wash at the 
ratio of 1:3.6 

Springfield, Mass., reported the 
highest elutriation ratio in 1953: a 
sludge to water volume of 1:4.5. 
Washington, D. C., already men- 
tioned, had the lowest ratio 


Concentration 

Substances that have been added 
to sludge to condition or concentrate 
it (either with or without elutriation 
and digestion) include the following: 
sulfuric acid, sulfur dioxide, alum, 
bone ash, peat, ground garbage, paper 
pulp, ashes, and clay.* The most uni- 
versally employed materials are fer 
ric chloride, lime, and ferrous sulfate 

In the operating year 1951-1952, 
suffalo, N. Y., substituted 16 to 20 per 
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TABLE 1 
Comparison of Data on Sludge Dewatering at Six U. S. Cities 


Reported for Years 1941 to 1953 








Washington, D. C. 


1941 1951 


0.8 

Prim. Dig 
6,870 
39,568 
180 


Approximate Pop., mi! 
Sludge Dewatering, type 
Sludge Dewatering, dry tons 
Total sewage flow, mg 
pewage susp. solids, ppm 


0.92 
30 days 
6,536 
59,843 
207 


Chemical Dosage, % dry sludge 


FeCi 
20 
FeSO, 
hemical Costs 


cents per capita 


Chemical Costs, $/ton 


Fec! 
a0 
FeSO, ‘(No Data) 


Filter Operations 


Number 
Hours/year 
Days/year 

Filter cloth 


filters 4 
4,705 3,8 
220 2 
Wool 90% wool 
10% nylon 
schedule 2 to 4 times per day 
cloth life (hours 600 700 1,000 
ake yield, ib./sq. ft./hr 9 6.8 6.8 
Volatile matter in 444 45.0 


Washing 


Economic 


cake 


FeSO, 


Aluminum chloride 


ssed since june 94 here expressed in terms of equivalent FeC! 


Canton flannel 


Hartford, Connecticut 


1941 1951 1953 


mil 228 238 

Dig. 30 

3,763 3,010 

7.570 7 786 
174 


Approximate Pop 


Sludge Dewatering, type Prim days 
dry tons 


mg 


ppm 


Sludge Dewatering 
Total sewage flow, 
Sewage susp. solids 


Chemical Dosage, % dry sludge 
FeCl 

a0 
FeSO, 

hemical Costs, cents per capita 


Chemical Costs, $/ton 


FeCl 
a0 
FeSO, 


No data 


Filter Operations 


Number filters 2 
1110 
Days/year ! 95 
Filter cloth Wool 
Once/run 
400 


Hours/ year 


Washing schedule 
Economic cloth fe 
ib. /sq 


Volatile matter in 


hours 
ft./hr 
ake, % 


ake yield 


* Richmond-Sunset Plant 


4 jata from Genter, A 


Minneapolis-St. Paul 


1941 1951 1953 


Raw Primary, Conc. Only 
35,993 32,529 
39,286 45,706 

315 256 


0.98* 


2.75 


8 

38,919 
35) 
CF 


Ea. Hour 
489 
65.3 


3.0 


Annapolis, Md 
1951 


025 


Prim. Dig. 40-50 days 
13 347 
184 


Buffalo, N.Y 


1941 1951 


1953 





6 


6 


Dig. 60 days 


3 

6,320 

306 
cr 


7,369 
49,976 
174 


80.00°* 
70.00 


San Francisco, Cal." 


1941 1951 


45 180 
Prim 
888 1,570 
2,94) 4.3% 
254 2% 


times per day 
500 


50 


1953 


190 


Dig. 60-90 days 


3,005 
4,058 
249 
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Fig. 3-—BLANKET type vacuum filters operating in one of Chicago's sewage treatment plants. There are 98 units installed. 


chloride for 40 per 
Prior 
alumi 


cent alumimum 
cent anhydrous ferric 


the suitability of 


chloride 
to adoption 
num chloride was investigated experi 
\n industrial waste survey 
aluminum chloride con 


present in the liquid 


mentally 
revealed an 
ditioner to be 
di charge irom a local chem« al con 
cern, At the sewage treatment 
plant effected 
in adapting to sludge conditioning a 
from an acetylene 
The slurry con 
20 per cent available CaQ and 
range from 30 to 35 


lime, 


Sallie 
a change was recently 
vaste lime slurry 
nanufacturing plant 
tain 
the tota olids 


Pebble 
proximately YO per 


per cent containing ap 
available 
slurry 


items 


cent 
whenever the 

Some of the 
Babbitt® 
lew plants toda on a 


used 

hort 

mentioned by may be em 
cal 

oft concentration required 

various sludges depends 

tl! umount and combination of 

added 


mixing rate employed In 


upor 
chemical as weil as upon the 
practice 
mixing times from 4 to 20 minutes are 
Conmiimon 


lable | 


cates the 


among other items, indi 


concentration of conditior 


ing chemicals in use and results a 
compli hed ve cities listed were se¢ 
lected on the basis of having availabl 
1941 operating data 


sider that they ofter 


Che authors con 
an average cros 
section of operating results 
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Based on data from these cities, it Minneapolis-St. Paul sewage treat 
ment plant was forced to change to 
ferric sulfate as a conditioner, since 
no bids were received on ferric chlo- 
ride.* During the first five months of 
1947, a dose of 0.91 per cent ferric 
chloride and 2.53 per cent lime (CaO) 
was employed. Table 2 shows the ex 
perience thereafter. These data illus 
trate how improvement in handling 
and feeding, coupled with careful 
operation, can maintain low materials 
usage, and _ therefore even 
when sludge conditioners other than 
specified must be 


appears that chemical dosages have 
not changed drastically in 10 or 12 
years, though the trend appears to be 
downward. The suspended solids con 
tent of fairly 
constant, while the percentage vola 
tile matter in sludge cake has moved 
slightly upwards. Cake yield from the 
filters has remained steady, and the 
yields do not necessarily become large 
with increased chemical dosage 

lo indicate the flexibility of a large 
vacuum filter installation, the follow 
In 1947, the 


sewage has remained 


costs 


ing example is included those originally 





TABLE 2 


Change in Conditioning Chemicals 
Minneapolis-St. Paul 


Chemicals, Per Cent of Dry Sludge Solids 


Ferric Chloride Lime (CoO Volatile Organic, % 


1.10 3.06 
0.91 53 


65.2 


1942 


January-May 


1946 average 
1947 


FeSO, in terms of equivalent 
FeC!, for comparison 


1947 1.52 
1.23 
0.94 
0.98 
0.98 
139°? 


44 


une-Decembe 
1948 
1949 


WNHNIN Nh Ww 
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Fig. 4—COILFILTER type vacuum filters installed in York, Pa., sewage treatment plant for dewatering elutriated digested sludge. 


sonnel, the quality of recent sludge 


Raw sludge is easy to condition 


with low 


appears to be deteriorating.’' An in 
chemical creasing grease content in the sludge 
(from a low of 11.6 per cent in 1942 
to a high of 20.1 per cent in 1952), 
and a decrease in smooth flowing and 
filtration qualities, are attributed to 
(1) rapidly increasing use of deter 


dosages prior to 
filtration in the Twin Cities plant be 


cause 1) the sludge has a relatively 


] ) 


low volatile and high ash content ; (2) 


a high concentration of solids is pres 


| 


ent, ani 4) the water has a low alka 


linity. Solids are unusually high at gents, (2) gradual increase in the use 


f garbage grinders, (3) increase of 


Minneapolis-St. Paul on a per capita « 


basis.! 19 per cent in per capita meat con 


However, according to plant pet sumption over pre-World War Il 





TABLE 3 
Sludge Dewatering by Vacuum Filtration 
Cost Per Dry Ton—1953 


Buffalo, 
New York 


Duluth, 


Minnesota 


Columbus, 


Ohio 


Washington, 
D.C 


San Diego, 


California 


mate P 


idge Pr 


Appr 


c 


pulatior 


Guction 





standards, with accompanying higher 
grease content, (4) delayed plant at 
rival of sewage solids due to an in 
crease in size of sewer collecting sys 
tem, and ( 5) growth of local sovbean 
linseed, and vegetable oil industry, as 
well as the grease discharged from a 


nearby ordnance plant 


Vacuum Filtration Costs 


lor exact comparison, costs are al 
ways difficult to cite accurately, since 
and “bookkeeping’ 
community 


conditions vary 


Irom community to 


lherefore, the costs, when they ap 
should serve as indicative only 
In lable 3 the 


of sludge dewatering by vacuum fil 


peal 


unit cost breakdown 


tration, shows that there is one item 


in common in most cities; i.e., labor 
charges account for the greater part 
of the filtration Milwaukee, 
spend by far the highest 


umount ($37.53 per dry ton) to pro 


cost 


which 


a saleable item, also collects the 
return ($33.64 dry 
sale of its organic fertilizer 
In 1953, approximately 


clues 


large st per ton) 
from the 
Vilorganite 
69.000 dry pro 
duced at a net cost of $3.89 per ton 
by this city; sold 


( osts quoted 


tons of sludge were 
all of the sludge was 

fertilizer 
are onl ror the 
plant 


directly as a 
sludge ce watering 
Revenue at and San 


Lies Calif 


Duluth, Minn., 


considerably reduce 
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1947). Using 1941, the last pre- 
World War I! year as a base, the unit 
cost of chemicals per dry ton for 
sludge conditioning rose from $0.93 
to $1.37 in 1952, an increase of 47 per 
cent. During the same period the cost 
of operation, maintenance, and labor 
rose 178 percent. Each year after 1941 
showed a steady rise in operation, 
maintenance, and labor costs, with 
only a slight evidence of a drop in 
1944. This is perhaps indicative of 
most cost trends in the United States 
during the years considered. 


| COST OF VACUUM FILTRATION 
— MINNEAPOLIS-ST. PAUL SANITARY DIST 











Thouwsend Tens 





(dry) Stud ge Production 


Operation of Vacuum Filters 


As far as is known, filter operations 
are not continuous in any of the large 
or small United States sewage plants 
employing vacuum filtration. Approx 
imately 5 to 8 hours of filter runs 
daily will dewater the collected sludge, 
and this rate is usually maintained for 
5 or 6 working days per week. Total 
annual filter runs from 900 to 2100 
hours were reported. Runs of greater 
length are not common. All cities 
listed in Table 1 use either wool or 
Canton Flannel filter cloths (or a 
combination of wool and nylon) sup 
ported over the drum on wire meshes. 

Liberty, N. Y., (not included in 
table) employs a coiled spring unit 
(Komline-Sanderson) with two dry- 
ing drums, each 8 ft. in diameter 
and 6 ft. long. The coils lay down in 
overlapping positions giving two com- 
plete layers. The drum rotates with 
vacuum applied 50 per cent of the 
time from dead center bottom to dead 
center top. In this position the spring 
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Fig. 5——-GRAPHICAL comparison of data, 1941 to 1953, for vacuum filtration of 
sewage sludge at Minneapolis-St. Paul. 


the net unit cost of vacuum filtration 
It is also interesting to note that total 
costs per ton, of dry sludge 
excluding capital investment, 


unit 
solids, 
were approximately the same for Buf 
falo, Columbus, and San Diego, all 
of which have approximately a one 


Figure 5 illustrates a 12 year record 
of vacuum filtration costs at the Min 
neapolis-St. Paul Sewage Treatment 
plant.’* During that period, sludge 
production varied from a minimum 
of 32,482 dry tons (in 1945) to a 
maximum of 36,663 dry tons (in 


acts as a filtering device and later, 
after reaching dead center top, the 
springs are stripped mechanically 
from the filter and flexed. Stainless 
steel fingers strip the cake from the 
coils, complete cleaning being aided 
by the flexing operation which is con- 





half million population 

an indication of es 
items in vacuum filtration 
practices in the United States. It is 
interesting to note that in all plants 
the chemical 


TABLE 4 
Per Capita Sludge Production at Seven U. S. Cities 


Table | gives 
sential 


Sludge product’n, Sludge product’n, Percent Change 
Per capita 


Population* 


practicing ¢ lutriation, in millions dry tons pounds per capita 
costs per capita were lower than Min City 1941 1953 1941 1949-53 1941 
Paul: in the latter city pm 

not practiced—the raw —_— er — 

concentrated only 10,05 


35,993 


1949-53 Sludge 


neapolis St Prod 





elutriation is 
primary sludge is 
Also, the “medium-size” 
as favorable as per capita outlay for 
chemical costs as do the larger metro 


Buftal N. Y 
Minn St 
Washington 


cies enjoy Paul, Minr 
D. ¢ f 0 6,870 
173 


1,29 


Annapolis, Md 

politan areas a 
English experience during 1949 at 

the Halifax Sewage Treatment Plant, 

where sludge is conditioned by heat ———— 

ing to approximately 360° F., showed Genter, A. L., Transactions, A.S.C.E 

treatment per ton of dry pp. 246-247 

solids to be 46 s. 10 d. ($6.56).2* The * Approximate sewered population 

cake was filtered, but 

“squeezed ‘in a Johnson Press 


San Francisco, Cal 1S 190 888 
Mass 3 0.140 9G4E 


« 
springfield 


Note 41 information from 


the cost of 


not was **® Richmond-Sunset Plant 
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tinuous, Liberty is a summer resort 
nd the summer population doubles 
the full-time number of winter resi- 
dents from about 7,000 to 15,000. The 
unit has been satisfactory to date.’* 

During 1941, the vacuum filters 1 
\Vashington, D. C. were washed fot 
30 to 45 minutes after each operating 
period to remove particulate matter 
that had a tendency to blind the cloth 
On a regular basis, the cloths were 
washed for 24 hours in a | per cent 
acid solution. This operation 
increased the service of cloths 
from 528 to 682 hours on the average, 
or about 30 per cent. On the basis of 
a first cost of $120 per filter cloth, 
the hourly cost of operation was re 
duced from $0.23 to $0.18." 

In 1953, Washington installed 90 
er cent wool—10 per cent nylon fil 
these filters were washed 


oxalic 
woo] 


' 
t 
t 


er cloths: 
from 2 to 4 times each operating day 

During 1953 all four cloths were re 

placed, but after an average service 
of about 1100 hours. Filter cloth cost 
per dry ton during the year averaged 
$0.14. Two of the four replacements 
were made with 100 per cent nylon 
cloths. Results of new cloth trials are 
not yet available. 

Each vacuum filtration plant has its 
own schedule for washing filters, and 
uses varying pressures of water. The 
range of filter washing in 1953 was 
reported to be from an hourly basis 
to every 14 hours of operation 

Hourly vacuum filter washing has 
promise in Milwaukee. The 
filter washing times tested have varied 
hours to 


shown 
from every 24 con 
tinuously. Continuous spray washing 
with plant effluent at 65 to 70 psi pres 
sure did not prove desirable. Hourly 
washing at 30 to 50 psi helped main 
tain a cleaner filter media. The fol 
lowing data list the complete washing 
cycle practiced in Milwaukee :'® 


once 


Washing Time Pressure 
Every 24 hours 


8 hours 


Plant started 
1938 Every 
947 Continuously 

24 Every hx 


ur survey showed that filter cloth 
expenses varied from about 2 to 4 
per cent of the unit cost of vacuum 
filtration on a dry When 
rates of filtration are high, filter cloth 
costs increase, as do the chemicals re 
quired to effect proper filtering 


ton basis 


Municipal Sludge Production 


\ccording to the most recent in 
S. population of ap 
proximately 92 million contributes 
sanitary sewage to sewers. Of this 
number some 62 per cent, or 57 mil 
waste to systems 

reac} 


formation, a U 


lion, sends domestic 
hat will eventuall 


sewage 


R-299 





TABLE 5 
Constituents of Vacuum Filtered Sludge—1953 





Analyses Reported as Percent on Dry Basis 


Range! 


Determination Minimum Moximum 


Ash 

Volatile 

Nitrogen as N 

Total Phosphoric 
Acid as P.O 3.86" 

Potash as K,O ).574 


36.2° 


70.00 
74.48 
6.344 


Grease 


Buffalo, 
Wis., 


Aurora, Ill, 
Milwaukee 


Includes 


Conn 


Cal., Washington, D. C., and Worcester, Mass 


population 4,113,000 


Dearborn, 
Richmond-Sunset Plant, San Francisco, Cal 


ws Mie 


Averages 


Weighted, without 


Arithmetic Weighted” Milwaukee (1947-52) 
49.0 37.1 33.9 
51.0 62.9 66. | 


349 4 1 or 


Minn., Hartford 
San Diego, 


Mich., Duluth 


Combined approximate sewered 


Population times constituent for each city divided by total population reporting 


Milwaukee, b Hartford, « 


Buffalo, d 


San Diego, e = Washington 





treatment plants of one description or 
anovher.? 

(Questionnaires were during 
1953 to 15 cities throughout the 
United States with a total population 
of 4,907,000. Replies indicated that 
about 78,000 tons per year of dry 
sludge were produced in those cities 
his is equivalent to a contribution of 
32 pounds of dry sludge per capita 
per year. These figures do not include 
Milwaukee, since the sludge produc 
tion from that city is abnormally high 
The population of cities included in 
the total mentioned ranged from 28, 
000 to slightly more than 1,000,000 

lable 4 indicates that for cities over 
one-half million in population, the 
sludge production on a per capita 
has declined 1941. In 
smaller cities, with one-quarter mil 
lion or less population, the reverse is 
true, These figures are from plants 
that employ vacuum filtration as a 
method of sludge dewatering, and do 
not necessarily represent a per Capita 
trend in all American cities 

A considerable quantity of sludge 
that is dewatered by filtration even 
tually finds ultimate use as land ferti 
lizer, either as a ferti 
lizer filler or as a lawn dressing. The 
return from sludge sold for these 
purposes seldom operating 
charges necessary to prepare the end 
product for sale 


sent 


basis since 


commercial 


cancels 


Chemical Composition of Sludge 

rhe composition of digested sewage 
sludge varies from place to place. 
Analyses of many hundred pre-1945 
samples collected throughout the 
United States show the following per- 
centage ranges and averages 


Ash 

Volatile 

Nitrogen as N 

Phosphorous as P»O 

Potash as K,O 

Grease and Fats 17 

Ten vacuum filtration plants in the 
U. S. have furnished complete or 
partial chemical analyses for the 1953 
operating year. Two of the plants, 
Dearborn and Milwaukee, do not em 
ploy digestion preliminary to vacuum 
filtration, 

Table 5 ranges as 
arithmetic and weighted averages of 
chemical analyses for 1953, Since the 
values submitted for Milwaukee cov 
ered a period of seven years (1945 
53), figures for that city were in 
cluded in two calculation but omitted 
from the last. It is interesting that the 
ash and volatile arithmetic averages 
shown above and in Table 5 coincide 

The 10-plant arithmetic and 
weighted averages show that 1953 
sludge, for the plants reporting, has 
a greater nitrogen, phosphoric acid, 
and grease content than the pre-1945 
values. On the other hand, potash in 
Rudolfs’ averages is greater than 
twice the 1953 value 

Weighted values, without the 1947 
53 Milwaukee determinations, show a 
completely different set of figures 
when compared with pre-1945 or 1953 
values, Volatile content is high, while 
nitrogen, phosphoric acid, and potash 
fall considerably below the pre-1945 
and 1953 averages 


shows well as 


Units Not in Use 

In addition to the statistical infor 
mation received, the following com 
ments were reported from five widely 
separated areas: 
1955 
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MORSE BOULGER DESTRUCTOR COMPANY 


Department WSW * 


80 Fifth Avenue, New York 11, N.Y. 


Representatives in Principal Cities 





PRODUCTS 


Incinerators of All Types including Mechanically Stoked 
Furnaces, Combination Sludge Refiner Furnaces, Mul- 
tiple Hearth and Rotary Hearth Furnaces; Special De- 


signs 


Sizes range from a few pounds per hour to hundreds of 


tons pe t day 


ENGINEERING EXPERIENCE 


We have been designing and constructing incinerators 
for municipal, industrial, institutional and apartment 
purposes for more than sixty years. We work closely with 
consulting engineers and architects to be sure the best 
type of incinerator is selected for each specific require- 
ment and to assure a plant appearance and operation 
that will not be offensive to the community, 


MECHANICALLY STOKED UNITS 


Featured by: high burning rates because of the well- 
vented stationary cone and revolving stoking arms; no 
dead space corners; charge dropping on cone assumes 
similar shape, well aerated for combustion; continuous 
mechanical stoking; single charging and single ash re- 
moval opening; entire unit accessible from outside; can 
be combined readily with rectangular combustion and 
expansion chambers, providing maximum operating 
flexibility 


We suggest that you discuss your disposal problems with 
our engineers as they may involve complex factors where 
our broad experience would be helpful. 


Close up of cone showing 
fixed inverted ‘bowls’ and 
revolving stoker with arms 


Modern Incinerator Plant 
equipped with four Morse 
Boulger Mechanical Stokers 
Hempstead, N. Y., Henry 
W. Taylor, Cons. Eng 
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COMBINATION SLUDGE REFUSE INCINERATOR 


This type unit is ideal for the smaller community which must 
dispose of sewage sludge as well as municipal refuse. The 
sludge is dried on the upper hearth and then rabbled (sto- 
tionary arms and revolving hearth) into the lower chamber 
where it is incinerated with the refuse. Very compact plant 
and economical in both first and operating costs. 

go eae Roce 


at 


UUOCE CARE 
ff80 CONVEYOR 


UUOGE DETING 
ritaain 
STANONARY RABBLE ARMS 


ROTATING HEARTH 


maTroam 
a 


REFUSE FURNACE 
FRING CHAMBER 


3 
i 


MORBO STOKER i 
TUYERE DRYING CONE ‘ 
STORING ARMS 
OumP GRATES 
AUTOMATIC STORER 
FORCE Omar 


MORSE BOULGER MULTIPLE HEARTH FURNACE 


Designed to dehydrate or incinerate sewage sludges and 
many kinds of industrial wastes. Material is rabbled inward 
and outward as it passes downward from hearth to hearth. 
Provides maximum pre-drying and incinerating capacity, dis- 
charging dry ash from wet sludge feed. 





Marion, Ind.: “One filter that is not 
used” was the reply to the question 
concerning the number of filters in 
operation. “All sludge is hauled in 
liquid form by tank trucks and 
sprayed on farm land, the sludge be 
ing disposed of by sale as a soil con- 
ditioner.”’ 

Oklahoma City, Okla.: “No filters 
used at the Northside Sewage Treat 
ment Plant since 1950.” 

Pasadena, Calif.: “The disposal of 
sludge by filtration and drying was 
discontinued in 1942, since which 
time the sludge has been disposed of 
by contract through the facilities of 
the Los Angeles County Sanitation 
District.” In 1948, the City of Pasa- 
dena discontinued the operation of its 
sewage treatment plant entirely. 

Wisconsin Rapids, Wis.: “The use 
of vacuum filtration was discontinued 
about 10 years ago. We now use open 
sludge beds.” 

Rock Island, /ll.: “At Rock Island 
size 4-ft. x 6-ft 
Chey are not used. These sludge filters 
have been standing still for the last 
Chen engineer of the sew 


we have two filters, 


ten years 
age treatment plant in 1942 said it 
cost to much to operate the filters 


Summary of Survey Data 
Che disposal of constantly-accumu- 


lating sludge in sewage treatment 


processes is an essential and costly 
operation. Vacuum filtration is a rapid 
method of dewatering sludge to fa 
cilitate disposal. Digestion, elutriation, 
and concentration, singly or in con 
junction, usually precede filtration 
rhe average sludge digestion time 


used in U. S. plants employing vac 
uum filtration from 1941 to 1953 was 
about 45 days, with a range of 30 to 
90 days, Elutriation, less widely used 
than digestion, reduces the amount of 
chemicals required for concentration, 
and lowers the alkalinity of digested 
sludge. A counter-current method of 
washing sludge has reduced the vol 
ume of water necessary to produce a 
specific alkalinity reduction 

Several chemicals, notably ferric 
chloride and lime, are widely used as 
conditioners. Two large sewage treat 
ment plants have ceased using ferric 
chloride: a northeastern plant used 
aluminum chloride which was dis- 
covered in a waste discharged from a 
local chemical concern, and substi- 
tuted lime slurry from a nearby acety 
lene plant; a mid-western sewage 
plant adopted ferric sulfate, used in 
conjunction with lime, when no bids 
were received on a proposal to fur 
nish ferric chloride. Flexibility of 
changeover from original specified 
materials to other chemicals is note- 


worthy. The same mid-western plant 


is experiencing a definite change in 
sludge quality because of modern con- 
sumer and homeowner habits. 
Revenue from the sale of sewage 
sludge as commercial fertilizer or 
lawn dressing seldom equals vacuum 
filtration operation and maintenance 
costs. Excluding fixed charges, total 
unit cost in 1953 for dewatering 
sludge by vacuum filtration varied 
from $7.00 to $13.00 per ton of dry 
solids, with revenue from the sale of 
sludge infrequently reducing these 
figures. One English experience of 
1949 approaches the lower cost limit 
In comparing data from six cities, 
the per capita chemical costs for 
sludge conditioning were lower where 
elutriation was practiced. Chemical 
costs have risen since 1941, A break- 
down of individual items shows that 
labor accounts for the largest ex 
penditure in vacuum filtration on a 
dry ton basis; an increase of about 
180 per cent in labor, maintenance, 
and operation costs was reported in 
one instance 
Annual filter operating 
from 900 to 2100 hours have been 
reported throughout the period under 
discussion. The average life of filter 
cloths 400-600 hours 
during this period, Of the plants re 
ported, only one has experimented 
with any new filter media; i.e., a 90 
per cent wool—l0 per cent nylon 
cloth, which was in successful opera 
tion in 1953 for about 1100 hours per 
cloth. The 100 per cent nylon cloths 
now are being used experimentally 
\ coil spring filter, of indefinite life, 
is mentioned, Filter washing, using 
different water pressures, has varied 
from continuously to every 24 hours 
throughout the operating period 
Annual sludge production data re 
ported by 15 cities, varying in size 
from 28,000 to 1,000,000, and having 
a combined population just under five 
million, averaged 32 lb. per capita on 
a dry basis, during the year 1953. This 
production compares with 42.4 Ib 
per capita production during 1941 
based on data reported by seven cities 
having a combined population of 2.5 
million. Average sludge production in 
the same seven cities during the period 
1949-53, with population increased to 
three million, had dropped to 38 Ib 
per capita per year. A percentage de 
crease in sludge production was noted 
in cities over one-half million in size; 
million or less 
sludge 


per iods 


appears to be 


cities one-quarter 
increased per 


production 


showed capita 

An arithmetic 
sewage sludge analyses, 
a population of approximately four 
and one-half million indi 
cates that sludge is becoming richer 


average of 1953 
representing 


persons, 
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in chemical content, but has a higher 
grease content, when compared to 
pre-1945 sludge constituents 
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UTILIZATION OF SEWAGE SLUDGE 


BR’ f l. sewage sludge contains 
a high percentage of organic and 
humus matter, much thought has been 


ise of sludge as a fer 
In evaluat 


riven to the 
tilizer or soil conditioner 
ing fertilizer characteristics of sludge, 
there ire five types of sludge to be 
(primary), di 
digested activated, 


Analy sc» 


con ideres Kaw 

activated 

precipitated 

various types of sludge are shown 
ing table 


thre wcornnit ’ 


soil, for fertilizing purposes, because 
of possible contamination of prod- 
ucts grown therein 

Perhaps the best known sludge 
sold as fertilizer is Milorganite from 
Milwaukee, Wis., although Chicago 
and other cities activated 
sludge and a number of cities sell 
digested sludge. Marion, Ind., has 
sold digested sludge directly from 
digestion tanks without dewatering 
for delivery and application directly 


also sell 


Analysis of Various Types of Sludge* 
Percent-Dry Basis 


Constituent 


Volatile Materia 
Ash 
Insoluble Ash 


wease and Fat 


Types of Sludge 


Filter Cake 


Digested Act. Sludge Raw Digested 


62-75 55-75 40-60 
5 25-38 5-45 40-60 
0 22-30 15-30 30- 
7 5-12 5 2- 
] 32-41 20-2 
4-7 ! 
7 3-4 | 
4 0.86 
13 7.8 
8.5 


“ 
j 


45-60 
40-5 
35-5 
3-1 
16-2 
4 

3 





FSIWA MOP No. 2 


Data fron 


\t heat 


\t t pe ot sludge is lac k 
a complete 


from the 


It Cottie re 
fertilizer \s can be 
table, the nitrogen, phosphorous and 
potash contents are lower than those 
if commercial fertilizer, but the 
value for soil 
ly addition, sludge con 


pects as 


seen 


humus content is of 


conditioning 


tains amounts of trace elements and 


rrowth promoting substances of value 


to soil conditioning. These trace ele 


ents include copper, zinc, manga 


ese and magnesium. Generally, it is 


idered that dried activated sludge 
; better than digested sludge and that 


ra igre hould not be used on 
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on farm land. Since the sludge is not 
dried the soluble ammonia nitrogen 
is not lost, as it would be on drying 

Preparation of the dried sludge for 
sale is essential to increasing its sala- 
bility. Heat dried sludge is pulverized 
to granular size during the drying 
pen bed dried sludge must be dis 
integrated 

According to data collected by the 
U. §S Dept of Agr., collected be 
tween 1936 and 1944 approximately 
100,000 tons of dried sludge was used 
Che revenue to be obtained 
varies. In 


each year. 
from the 
cases, the 


sale of sludge 


many revenue may not 


cover the cost of producing and sell- 
ing the sludge, but this method may 
still be less costly than other methods 
of disposal. For a complete discus- 
sion of this subject, reference should 
be made to “Manual of Practice No 
2—"Utilization of Sewage Sludge as 
Fertilizer” published by the Federa- 
tion of Sewage and Industrial Wastes 
Assn. 

When adequate land area is avail- 
able and the amount of sludge is 
relatively small, the problem of ulti- 
mate disposal of sludge is of little 
import. Where areas are 
limited the amounts of sludge are 
great, ultimate disposal of the solids 
from sewage treatment may be a 
problem of some magnitude. Thus 
preparation and sale of fertilizer or 
incineration may be the best solution. 
Economic factors dictate the type of 
ultimate sludge disposal. 

Many persons regard sewage 
sludge as a soil conditioner or soil 
builder, rather than a fertilizer in 
the strictest sense. In some states the 
legal definition of a fertilizer pre- 
cludes the possibility of classing 
sludge as a fertilizer because the 
chemical constituents are below the 
legal specifications 

In a few cases, dried sewage sludge 
has been fortified with nitrates, pot- 
ash and phosphates but in general 
there is no economic gain, it is as 
easy to buy and spread both the 
sludge and the fertilizer 

Heat dried activated sludge ap- 
pears to be the best partly because 
it is free from weed blends 
quickly and easily with the soil and 
has but a very slight odor. Lawns 
fertilized with sewage sludge have a 
dark green color and a strong stand 


disposal 


seeds, 


of grass 

Transportation of sludge to the 
consumer presents one of the big 
problems and is a factor in the eco- 
nomics of the sale of sludge by a 
sewage treatment works 
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SOME FACTS 
ABOUT 

THE 

HEAT DISPOSAL 


of 
SEWAGE SLUDGE 


Even though dried sewage sludge can often be sold at from $5.00 to 
$20.00 a ton — remember that is not always the case 

If sewage is contaminated—with grease, fiber, etc., for example 
you may find the only thing to do is to incinerate the sludge. On the 
other hand, even though the sludge may not have the highest chemical 
analysis for fertilizer — it still can be marketed as a soil conditioner 
thereby eliminating the ash disposal problem. 


The C-E Raymond System of Flash Drying and Incineration is the most popular . . . most versatile on 
the market today. That’s why you will find a C-E Raymond System to provide one or all of the 
following processes .. . controllably, accurately, economically: 


Flash Dry sludge. 

Flash Dry and Deodorize. 

Flash Dry and incinerate. 

Flash Dry, incinerate and Deodorize. 
incinerate only. 


incinerate and Deodorize. 


N OO WwW & ON = 


Flash Dry and Deodorize in conjunction with refuse and garbage 
incineration — plus incineration of sludge if desired. 


C-E Raymond Systems now in service or on order serve an equiva- 
lent population of more than 17,000,000 people — in communities 
ranging from 6,000 to 3,600,000 in population ... in every section 
of the country, and even overseas. 

Whatever your requirements — there is a C-E Raymond System 


that will satisfy them precisely. Let one of our engineers show 
you or your consultants how this leading system of sludge disposal 


will work for you. 2A 


COMBUSTION ENGINEERING. . roymona division 


1315 North Branch Street, Chicago 22, Illinois * Eastern Office: 200 Madison Ave., New York 16, N. Y. 
Western Office: 510 W. Sixth St., Los Angeles 14, Calif 
ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR INDUSTRIAL WATER DISPOSAL 
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Sludge As a Soil Improver 


Value of pH control and toxicity of minor elements 


Soil Scientist, The Connecticut Agr. Expt 


R ( . LLY acity manager in our 
tate requested information on 
ilue of sewage sludge for soil 

ent. What prompted the in 

is hi 


al inicipal sewage treat 


pe nding decision on the 


ubject of sludge utiliza 
has rather 
treated in the literature 

questions still to 


griculture been 
© many 
although 
familiar 
Min 


wants to 


furthermore 
ator may le 
obtained, say, in 
llinois or Texas, he 


hat the score is in Connecticut 
ist few years our work 
has included study of 


ewage sludge as a phase 


During the ps 
it thi tation 
Connecticut 
Of ar erall waste 
organi 
We set out to see (a) if sludge would 
increase crop yields, (b) if sludge has 
an overall beneficial effect on the soil, 
and (c) what other effects, if any, 
sludge has on the plant 

lhe experimental procedure usually 
followed was to apply fresh sludge to 
the soil 


investigation of 
atter for soil improvement 


and work it in, and at the same 
standard 
fertilizer 
10-10 at fairly high rates as 
in market gardening. If 
it too, was added at 
rhe 


two 


tire appl a more of less 


treatmen?t ot 
uch al 


8 customal 


commer ial 


line needed, 


the same seed sown 
Che 
cropped, usually to spin 
alternately. No further 


of sludge were made but 


Litre 


vithin a day or 


] 
uccet ively 


was 
soil was 
ach and beet 

appli itor 
commercial fertilizers were applied as 
ome cases rye or oats was 


aco Later on oats 


vet crop 
vere grown on an acid soil 
xperiments were « arried out 
rallon greenhouse pots, 
itdoor concrete soil hoxes or 
the soil 
on the 
small 


vithout bottoms, i.e 
es rested directly 


ibsoil), and (c¢) in 


General Character 
of the Sludges Used 
| he Two 


for the 
initial work were from the cities of 
New Haven lorrington, New 
Haven sludge produced in the Boule 


sludge 5 chosen 


and 
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*In addition to the literature reported in 
the Manual of Practice No. 2 Federation of 
Sewage Works Association, 1946, the reader 
is relerred to articles in this magazine in 
1947, "48, °49, '51 and ‘52, and to the fol 
lowing relerences 

Stephenson, R. E. and Bollen, W. B., Soil 
Amer. Proc. 10:168. 1945 

Bear, Firman E. and Prince, Arthur L., 
New Jersey Agri. Expt. Sta. Bul. 733, 1947 

Odiand, T. E., et al. Waste Conversion 
Committee Report, State of Rhode Island 
und Providence Plantations. (R. I. Agr 
Exp. Sta.) March 1948 

Allegheny County Sanitary Authority 
Report on the proposed collection and treat 
ment industrial 


Sclence Soc 


municipal sewage and 
wastes, Pittsburgh. Pa. 1948 

Inter-Departmental Committee on Utili 
W aste Second Interim 
New Zealand Engineering ¢ Nos 
‘ 1951 


zatior { Organ 


Report 








vard plant, is primary digested sludge 
conditioned with ferric chloride and 
lime for vacuum filtration. As taken 
from the conveyor belt the pH is 
about 11, but upon standing it drops 
to 7.5 or 8.0. It normally contains 
industrial wastes orginating largely 
from textile dyeing works 

The Torrington sludge is also a 
primary digested sludge but instead of 
being chemically conditioned for fil- 
tering, it is air-dried on open sand 
beds. It contains industrial wastes 
originating principally in textile and 
metal industries 

Upon completion of the digesters 
at the West Haven plant in 1951, 
some experiments were started with 
sludge from that source. West Haven 
sludge is a primary digested sludge 
elutriated and then conditioned with 
ferric chloride for vacuum filtration. 
It contains no appreciable industrial 
wastes 

Finally, in some of the 1952 experi- 
ments a flash-dried raw sludge trom 
Waterbury was added. This sludge 
contains industrial wastes originating 
chiefly in metal industrial plants. The 
principal these 
sludges are tabulated in 


characteristics of 


lable 1 


Variable Response 
of Plants to Sludge 


Our earlier work, (1943-1946) had 
shown disconcertingly variable re- 
sults, ranging from appreciable yield 
increases on the one hand to retarda- 
tion of growth on the other. The 
study in its initial 
similar variabilities. In 


stages 
the 


present 
sh Ww ed 


Station, New Haven, Conn 


first experiment in the greenhouse 
with Cheshire loam soil, both New 
Haven and Torrington sludges re- 
sulted in reduced yields of beet roots, 
although top growth was satisfactory 
Later beet crops showed gradual im- 
provement and, in the last crop, beet 
root yields were increased 7 to 22 
per cent by the sludge treatment. 
Spinach was particularly poor, the 
first crop being almost a complete 
failure. 

On the other hand, our outdoor ex 
periments in the soil frames with sim- 
ilar soil showed New Haven sludge 
producing the highest yields, 81 to 86 
per cent better than the checks, and 
Torrington sludge the lowest,—in 
some cases a complete failure. The 
second year’s crop (1951) followed 
the same pattern. And on the field 
plots at the farm on Cheshire loam 
soil, New Haven sludge produced 
higher corn yields than the checks (no 
Torrington sludge was used on these 
plots). 

Admittedly the rates of application 
were high, particularly in terms of the 
amount of nitrogen applied. The orig- 
inal objective was to apply the same 
amount of organic matter as is present 
in 10 and 20 tons of dry wood chips 
To apply 10 tons of organic matter 
meant using about 20 tons (dry 
weight) of New Haven sludge and 
35 tons of Torrington sludge’ per 
acre. The fact that under certain con 
ditions excellent yields were obtained 
indicates that the rates of application 
were not excessive 


Influence of pH 


But why was New Haven sludge 
detrimental in some cases and very 
favorable in others? Fortunately the 
answer was soon found: the pH of the 
soil. The alkaline New Haven sludge 
effectively held up the pH in the 
frames, but due to the artificial condi 
tion in the greenhouse the sludge did 
not prevent acidification of the potted 
On the other hand, the acid 
Torrington sludge contained no lime 
to deter the development of a more 
acid condition as nitrification pro- 
gressed. 


soils 


*This particular sample contained only 
30% organic matter 
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SLUDGE VACUUM FILTER 
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Sludge As a Soil Improver 


Value of pH control and toxicity of minor elements 


Soil Scientist, The Connecticut Agr 


VILY 
reque ted 


a city manager in our 
information on 
of sewage sludge for soil 
What prompted the in 
Is pe nding decision on the 
i municipal sewage treat 
ubject of sludge utiliza 
has rathet 
treated in the literature 
any questions still to 
although 


ericulture been 


|. Furthermore 
famuliar 
Min 


wants to 


itor ma be 
obtained, say, in 
ois or Texas, he 
t the 
the past few years our work 
study of 
it sé wage sludge as a phase 


core 18 in Connecticut 


has included 


tatiotr 


erall investigation of waste 


organi atter for soil improvement 
We set out to see (a) if sludge would 
increase crop yields, (b) if sludge has 
erall beneficial effect on the soil, 
what effects, if any, 


on the plant 


an © 
and Cc) other 
sludge has 
lhe experimental procedure usually 
followed was to apply fresh sludge to 
the soil and work it in, and at the same 
standard 
fertilizer 

5-10-10 at fairly high rates as 
in market gardening. If 


time appl a more or less 


treatment of commercial 
uch al 
l customar}: 
it too, was added at 
rhe sown 


two 


lime was needed 
seed was 
a aay of The 
cropped, usually to spin 
No further 


s of sludge were made but 


the ame tine 


vithis soil was 


ucce ively 
ich and beets alternately. 
ippl 
ommercial fertilizers were applied as 


needed 


eed 


catliol 


ome cases rye or oats was 


i cover crop. Later on oats 
ind beat vere grown on an acid soil 


periments were carried out 


rallon greenhouse pots, 
itdoor concrete soil boxes or 
without bottoms, i.e. the soil 
directly on the 


small 


‘ rested 
ou). and (e¢) in 


General Character 
of the Sludges Used 


two sludges chosen for the 
from the cities of 
lorrington. New 
sludge produced in the Boule 


rk were 
ven and 


Haver 
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*In addition to the literature reported in 
the Manual of Practice 2 Federation of 
Sewage Works Association, 1946, the reader 
is relerred to articles in this magazine in 
1947, "48, °49, '51 and °52, and to the fol 
lowing relerences 

Stephenson, R. E. and Bollen, W. B., Soil 
Amer. Proc. 10:168. 1945 

Bear, Firman E. and Prince, Arthur L., 
New Jersey Agri. Expt. Sta. Bul. 733, 1947 

Odland , et al. Waste Conversion 
Committee Report, State of Rhode Island 
und Providence Plantations. (R. Il. Agr 
Exp. Sta.) March 1948 

Allegheny County Sanitary Authority 
Report on the proposed collection and treat 
industrial 


Scrence Soc 


ment of municipal sewage and 

Pittsburgh, Pa. 1948 
tal Committee of 

{ Organic Waste Second Interim 

New Zealand Engineering 6, N 

14 195] 


wastes 
Inter- Departmer Utili 
7atwowr 


Report 








vard plant, is primary digested sludge 
conditioned with ferric chloride and 
lime for vacuum filtration. As taken 
from the conveyor belt the pH is 
about 11, but upon standing it drops 
to 7.5 or 8.0. It normally contains 
industrial wastes orginating largely 
from textile dyeing works 

The Torrington sludge is also a 
primary digested sludge but instead of 
being chemically conditioned for fil- 
air-dried on sand 
industrial 


tering, it 1s 
beds. It contains 
originating principally in textile and 


open 
wastes 


metal industries 

Upon completion of the digesters 
at the West Haven plant in 1951, 
some experiments were started with 
sludge from that source. West Haven 
sludge is a primary digested sludge 
elutriated and then conditioned with 
ferric chloride for vacuum filtration 
It contains no appreciable industrial 
wastes 

Finally, in some of the 1952 experi- 
ments a flash-dried raw sludge from 
Waterbury added. This sludge 
contains industrial wastes originating 
chiefly in metal industrial plants. The 
principal characteristics of these 
sludges are tabulated in Table 1 


was 


Variable Response 
of Plants to Sludge 


Our earlier work, (1943-1946) had 
shown disconcertingly variable re- 
sults, ranging from appreciable yield 
increases on the one hand to retarda- 
growth on the other. The 
study in its initial stages 
similar variabilities. In the 


tion ot 
present 
showed 


Station, New Heaven, Conn. 


first experiment in the greenhouse 
with Cheshire loam soil, both New 
Haven and Torrington sludges re- 
sulted in reduced yields of beet roots, 
although top growth was satisfactory. 
Later beet crops showed gradual im- 
provement and, in the last crop, beet 
root yields were increased 7 to 22 
per cent by the sludge treatment. 
Spinach was particularly poor, the 
first crop being almost a complete 
failure. 

On the other hand, our outdoor ex- 
periments in the soil frames with sim- 
ilar soil showed New Haven sludge 
producing the highest yields, 81 to 86 
per cent better than the checks, and 
Torrington sludge the lowest,—in 
some cases a complete failure. The 
second year’s crop (1951) followed 
the same pattern. And on the field 
plots at the farm on Cheshire loam 
soil, New Haven sludge produced 
higher corn yields than the checks (no 
Torrington sludge was used on these 
plots ). 

Admittedly the rates of application 
were high, particularly in terms of the 
amount of nitrogen applied. The orig- 
inal objective was to apply the same 
amount of organic matter as is present 
in 10 and 20 tons of dry wood chips 
To apply 10 tons of organic matter 
meant using about 20 tons (dry 
weight) of New Haven sludge and 
35 tons of Torrington sludge’ per 
acre. The fact that under certain con- 
ditions excellent yields were obtained 
indicates that the rates of application 
were not excessive 


Influence of pH 


But why was New Haven sludge 
detrimental in some cases and very 
favorable in others? Fortunately the 
answer was soon found : the pH of the 
soil. The alkaline New Haven sludge 
effectively held up the pH in the 
frames, but due to the artificial condi 
tion in the greenhouse the sludge did 
not prevent acidification of the potted 
the other hand, the acid 
Torrington sludge contained no lime 
to deter the development of a more 
acid condition as nitrification pro- 
gressed, 


soils. On 


‘This particular sample contained only 
30% organic matter 
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TABLE 1 
Principal Characteristics of the Sludges Used in the Experiments 


Source of Sludge 


Digested; 
FeCl 
lime; 


filtered 


Type of Sludge 


4s sampied 
(As delivered 
Water-free basis 


apacity A. 
as Gelivered 
waterfree 

al waste 


nm exchange 
right per cu yd 
night per cu ya 


amples tested and 4.5 

which ranged from 29 to 5 
8 ganic C simple 

ontent of 


sequent 
f © samples 


rut ' or 


5-On-ig 
3 the organi 


very low 


arbon sludges 


mated 


Now 
knows that neither spinach nor beets 
But 
found that the plants growing on the 


every experienced gardenet 


thrive on strongly acid soils we 


sludge treated acid soils were even 


poorer than those on the chee 
which 


K 
a 


soils, 


likewise acid,’ suggests tox 
factor [his idea was 
further the fact that 
freshly applied sludge seemed to inter 
fere with seed germination. During 
the earl of in the 
greenhouse one could readily pick out 
the sludge treatments by the appear 
ance of the seedlings and 
and test lettuce 


seed”, germination was reduced to as 


in the sludge 
supported by 


growth 


stages 


( fewer 
smaller ), in a with 
low as two percent as compared with 
OO for the checks. Further, 
when blotting papers used in germina 
tion tests with infu 
sions from water extracts of sludges, 
In 


er cenit 


were saturated 


mination was seriously 
both 


ettect 


seed 


ye 
hibited 
sludge 


lorrington 
than did New 


In 
had 
Haven sludge 

\nother example of variable re 
sponse of plants to sludge treatment 
comes from our field plot experiment 
on Merrimac sandy loam in Peoples 
Forest Nursery, Barkhamsted, Con 
necticut. Here, Torrington sludge was 
applied to small plots at the rate of 50 
and 150 cu. yds. per acre, along with 
fertilizers but without lime. ( Nursery 
soils should be acid.) The plots were 
four forest tree 
spruce, white spruce, red pine 
This was in the fall 


Cases, 


' 
1@ss 


seeded T 


Norwa 
1 white pine 
1951 


0 spec 1¢s 


am 
of 


P. Hollis, f 


Pathology 


eriments by | rmerly of 


Plant 


New Hoven 


Torrington West Hoven Waterbury 


Flash 
dried, 


row 


Elutriated, 
digested; 
FeCl,; 
vocvuum 
filtered 


Digested; 

air dried 

on sand 
beds 


and 
vocvum 


428 

404 
Large 
amounts of 
metal plat 
ng wastes 


table 
amount 


approximate method used in New Zealand for est 


showed 
yds. rate 
tended to 
stands and 
seedlings of the 
and in the 
case of red pine, conspicuous red tip 


(Observations a year later 
no effect from the 50 cu 
rhe righ rate, 
cause somewhat 
slightly smaller 


spruces and white pine; 


however, 
thinner 


ping of the needles and a poor stand 
generally 

Before exploring the toxicity angle, 
should 
made, Firstly, in all our experiments, 


two more observations be 


grasses and small grains have 
sponded well to sludge, whether the 
soils were acid or neutral. (No data 
yields of thrashed 
grain but this is not a practical prob 
lem in Connecticut, for little 
Where sludge 
to a rye 


the plants 


re 


were obtained on 
or no 
grain harvested ) 
was applied in 


1s 
December 
cover crop on field plots, 


R-305 


were larget and a deeper green and 
the stand thicker, at the time of spring 
plowing, than were the plants without 
sludge. Lawn grass top-dressed with 
screened New Haven sludge increased 
in growth and in depth of color, Thus 
it is obvious that crops differ in their 
response to sludge treatment 

Che second observation is that out 
evidence of 
and radish 


by 


shown no 
of lettuce 
seedlings? caused or 


treatment 


studies have 
root injury 
aggravated 


sludge 


Minor Element Toxicity 


Che torementioned unfavorable ef 
of sludge led us to have the 
sludges analyzed and later to 
further hese an 
alyses showed appreciable quantities 


tects 
make 
vermination tests 


of boron, copper and zinc, the latter 
reaching a concentration of over 5000 
ppm (parts per million) in two in 
lable 2 shows the principal 
minor element content and the pil of 
several typical Connecticut 
from municipal plants, and the aver 
ages from State institutions. For com 
included for 
organic materials commonly applied to 
It readily that all the 
sludges (including Milorganite) are 


stances 


sludges 


parison, data are sone 


soil Is seen 
much higher in boron, copper and zin 
than are the other organics. It is also 
evident that municipal sludges contain 
larger amounts of these constituents 
than do the institutional sludges, al 
though the 
smaller than had been anticipated 


differences are much 

\nalysis of ammonium acetate ex 
tract of the soils to which sludge had 
been applied showed some increase 
in available copper and about double 
the ot 
Then we analyzed the plants 


concentration available zine 
spin 
ach, beets and oats found that 
all in sludge-treated 
soil contained a little more coppel and 


lot the latter ranging 


and 


those growing 


a more Zinc, 


TABLE 2 


Minor Element Content’ and pH of Connecticut Sewage Sludges 
and of Other Organic Materials 


Source 


Bristol 
Hartford 
New Haven 
Torrington 
West Haver 
Waterbury 


Ay 
Av 


of Municipal plants? 
of State institutions 


Milorganite 


Peat Moss 
Cow Manure 
Peat Soil 
Forest litter (hardwoods 

Determined on the spectrograph by W T 
225-31 samples from |3 plants 

6 samples from 5 plants 

This high value is open to questior 


Cu Mn 
ppm 


540 
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lime. Also additional germination 
readings were obtained in existing pot 
cultures in the greenhouse on lettuce, 
spinach, oats and beans. Space permits 
brief summarization of the 


TABLE 3 


Approximate Amounts of Boron, Copper, Manganese and Zinc 
Applied in Sewage Sludge 

and the Amounts Usually Recommended for Deficient Soils 

only a 

Usual recommenda- ransita 

tion for deficient result 

soils. Salt equivalent 


Average 
Approximate amount applied in 10 tons 
of dried sludge 


Salt 


37 ~=Borax 
60 Copper sulfate 
14 Manganese sulfate 


concentration 
Strangely enough, Torrington 
sludge favored germination in some 
cases, particularly where the sludge 
had been piled out of doors for 


about a year. Sludge piled only a 


in sludge 


Ibs. per ocre 


Elements Ib equivalent Ibs 


Element 
>-3U, occa I0 
20-200 


25-60 


26! 


per acre of 


sludge, 268 > cu. yds 


from 300 to 1200 per cent increase 
Boron was not affected appreciably 
Recently, an analysis of tomato plants 
growing on a sludge dump in South 
Manchester, Connecticut, showed the 
plants to contain five times as much 
much 
plants not in with 
( [he tomato plant is remarkably tol 


zinc and twice as copper as 


contact sludge 


erant of these elements. ) 
check on toxicity of 


varying amounts of 


further 


and zinc, 


\s a 
copper 
copper sulfate were applied to soil in 

flower 
acid and the other treated with 
similar test made 
sulfate. The results on the 
acid showed retardation of 
growth, and also injury characterized 
by yellowish leaves of spinach and red 
to yellowish-red leaves of the 
observed from sludge treat 
Of the two metals, 
copper seemed to develop the more 
but both 


small pots, one series being 
Ke | t 
was 


lime; and a 


with zin 


beets 
ame Aas 
ment in acid soil 
characteristic symptoms, 
were equally toxic 

(One more remark on minor element 
toxicity should be made at this point 
Considering the amounts of these 
metals applied in the sludge treat 
ments, it is not surprising that injury 
lable 3 shows the estimated 
amounts of boron, copper, manganese 
and zine applied in 10 tons of average 
sludge, based on our analyses. Of the 
four, zinc was by far the highest, be 
ing in excess of a sale application, 


occurred 


especially when larger amounts of 


ludge were used. 

Hiowever, not all of the zinc in 
sludge is immediately available to 
plants, even in acid soils. Further, the 
buffering effect of matter 
tends to reduce the amount of injury 
Thus a amount of a soluble 
toxic substance is less injurious in the 
presence of appreciable amounts of 


organ 


given 


organic matter 


Source of Minor Elements 


Now for the $64 question, “Where 


do these minor elements come from 


The answer is simple where indus 


trial wastes are dumped into the sewer 
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dried sludge is equivalent to 


Zinc sulfate 20-40, occa. 21 


about 33 tons of moist sludge or 


system, but as our analyses show that 
sludges free of such wastes also con- 
tain rather high amounts, it is neces 
sary to look for other sources. Cop- 
per, brass and galvanized piping 
undoubtedly contribute some copper 
and zine, and wherever these metals 
form insoluble compounds with phos- 
phorous or lime they would appear in 
the sludge 

There are indications, however, that 
appreciable amounts of these minor 
elements come from food stuffs. 
Bertrand and Benzon*® reported zinc 
in fresh material ranging from less 
than one ppm in peaches, plums and 
melons to 50 ppm in legumes. Hegsted 
et al* reporting data from others, 
show that ordinary foods contain vari- 
able amounts of zinc, ranging up to 145 
ppm on a dry basis. Yeast, mushrooms 
and seafoods are high, and oysters 
may contain as much as 2300 ppm 
lhe daily intake of zinc in a normal 
diet averages about 10 mg per day per 
person, but it would be possible to eat 
a meal of selected foods which would 
supply 225 to 275 mg of zinc 

rhe important fact is that practi 
cally all of the zinc ingested is ex- 
creted, of which over 90 per cent is in 
the feces 


Germination Experiments 


lo check further on sludge retarda 
tion of germination, several experi 
ments’ with lettuce seed were run in 
petri dishes in 1952 using Hartford 
loamy sand treated with four different 
sludges at rates of 16, 48, 144 and 
240 cu. yds. per acre with and without 


"Bertrand, G. and Benzon, B. The control 
of zinc in the principal foods of vegetable 
origin. Bul. Soc. Sci. Hyg. Aliment. 16 :457 
463, 1928, and Ann. inst. Pasteur 43 :386 
393, 1929. (Abs. seen in Bib. Minor Ele 
ments, 4th Ed. Vol. 1-938, 1948) 


*Hegsted, D. Mark, McKibbin, John M 
and Drinker, Cecil K. The biological, hy 
genic and medical properties of zinc and 
zinc compounds, Supplement No. 179 to the 
Public Health Reports, U.S. Public Health 
Service, Washington, D. C, 1945 

*Frances Meyer, Plant Path. Dept 


this work 


assisted ir 


month tended to delay germination 
when applied at the higher rates. All 
of the other sludges—New Haven, 
West Haven, and Waterbury—gen- 
erally retarded germination to a de- 
gree ranging from 3 to 10 days in the 
petri dish tests, and 2 to 5 days in the 
pot cultures, although there were some 
Generally 
was delayed 


instances of no delay 
speaking, germination 
rather than inhibited. 
Delayed germination has not been a 
problem in the outdoor experiments. 
Perhaps it did not occur, or perhaps 
it merely escaped our attention, but 
obviously the matter needs further 
investigation under field conditions. 
So far we have not learned what it is 
in sludge that affects germination. 
Incidentally it is interesting to note 
the effects of the several sludges on 
soil reaction. Increasing the rate of ap- 
plication from 16 to 240 cu. yds. per 
acre (without lime) had almost no 
effect in the case of Torrington and 
West Haven sludges, but raised the 
pH by 2 to 2.5 units in the case of 
New Haven and Waterbury sludges. 


Plant Growth Studies 


Once the detrimental effect of acid- 
ity in sludge-treated soils was recog- 
nized our experiments were modified 
accordingly. In the treat- 
ments of the Cheshire loam soil were 
changed to provide a range in acidity, 
and the cropping to spinach and beets 
was continued. Although the sludge- 
treated spinach plants were favored 
by liming, they did not grow as well 
as did those without sludge. On the 
other hand, beet yields were higher 
with sludge whenever the pH was 6.4 
or higher 

In another experiment, Torrington 
and West Haven sludges were applied 
to Hartford loamy sand at rates of 
65, 130 and 260 cu per acre 
(approximately %-, | 2-inch 
layers, resp.) One set was maintained 
in an acid condition (pH 4.8-5.3), and 


one Case 


yds 
and 


cropped alternately to oats and beans 
Che other set was limed, then cropped 
alternately to spinach and beets 

Yield data of the acid series show 
that growth of the first crop of oats 
and of the succeeding bean crop was 
markedly increased by applying sludge 





up to the 130 cu. yd. rate, with a rapid 
falling off at the 260 cu. yd. rate. But 
the second oat crop was only slightly 
benefited by the low and medium rates 
of applied West Haven sludge, and 
was actually decreased by the Tor- 
rington sludge. No abnormalities oc- 
curred in the appearance of the oat 
plants at the high rate, but the bean 
plants receiving Torrington sludge de- 
veloped a yellow mottling between the 
veins of the leaves, and those getting 
West Haven sludge showed a dying 
of the tissue (necrosis) of the same 
areas 

In the limed series the first crop of 
spinach was not benefited by West 
Haven sludge and was actually re 
duced by Torrington sludge. Tests 
showed that insufficient lime had been 
hence additional lime was ap 
plied as needed prior to seeding the 


used, 


succeeding beet and spinach crops. In 
the third crop, spinach, West Haven 
sludge caused marked increases, espe 
cially at the 260 cu. yd. rate, while 
lorrington sludge had exactly the 


opposite effect 


Again pH Value Proves Important 


Let's look 
after each 
lable 4 

Inspection of these data helps ex- 
plain the difference in response of the 
two spinach crops to West Haven 
sludge. When the pH was brought 
well above 6, increases occurred. In 
the case of Torrington sludge, the pH 
remained about constant (over pH 6 
in all cases), yet growth of the plants 
was reduced by the sludge. Probably 
the presence of industrial wastes in 
Torrington sludge makes the differ 
ence and thus precludes its use for 


at the pH of the soil 


harvest, as shown in 


spinach 


Soil Improvement 


Our work has shown that grasses 
and small usually respond 
favorably to sludge applications, and 
that most other may likewise 
be benefited under the proper condi- 
Although not all the factors 
responsible for these increases in pro 
duction are is certain that 
available nitrogen the 
sludge, and improvement in the physi 
cal condition of the soil are the chief 


grains 
( rops 
tions 


shown, it 
released by 


causes 

The contribution of each 
is difficult studies 
readily show the effect of sludge on 
these are 


relative 
to assess but soil 


soil properties ~ome of 


given in Table 5 

Increases in organic matter, in total 
nitrogen and in soil aggregation were 
and definitely significant 


amendments are 


substantial 


Few other known 


Table 4 
Soil pH Values After Harvesting Crops 


Check 


Succeeding crops 


Cu. yd. sludge per acre 


After spinach 
2. After beets 
3. After spinach 


West Haven Sludge 


Torrington Sludge 
130 65 130 260 


Table 5 


Effect of Sludge Applications on Several Properties of Cheshire Loam 
(Rates are expressed in cu. yards per acre) 


Check 
(No Sludge) 


apacity 
Relative 


Non-capillary porosity 


Relative 
ation exchar ge Capacity me 00g 
Relative 


Bulk density ‘water 


Relative 


which are as effective as sludge in this 
respect. Note that Torrington sludge 
was more effective than either New 
Haven or West Haven sludge in in 
creasing organic matter and nitrogen 
but less effective in increasing soil ag 
gregation, even though all three 
sludges were applied in equal quan 
tities by volume. Possibly the more 
fibrous character of the latter two 
sludges is responsible for their greater 
effectiveness in aggregating soil par 
ticles. A well-aggregated soil means 
better aeration, greater ease of root 
penetration and increased rate of water 
infiltration. Therefore the beneficial 
effects are very significant to agricul 
ture. 

Smaller but nevertheless important 
increases were found (Table 5) with 
respect to field moisture capacity, 
cation exchange capacity’, and non- 
capillary porosity ; there were 
decreases in bulk density, i.e 
per cubic foot. 

It should be pointed out that great 
est benefits physically from organic 
matter applications usually occur rela 
tively soon after application, i.e. with 
in the first 12 to 18 months. After 
that period the favorable effects grad 
ually diminish, which that 
sludge applications need to be made 
probably every three to five years 

Also our work indicates that greater 
benefits are likely to accrue to lighter 
soils such as sandy loams than to 
loams and silt Although we 
have not worked with clay loams and 
clays, it is presumed that they would 
be appreciably benefited by sludge, 
chiefly in making them more porous 
and better aerated 

There is another use for sludge 


and 
weight 


means 


loams 


exchange 
1 magnesiur 


of a soil t hold and 
otassium 


*The ability 


bases hiefl 


Torrington 


Sludge 


New Hoven 
Sludge 


making topsoil out of natural subsoil 
a practical solution to topsoil loss 
where it has been removed by erosion 
or by sale of balled plants in commer 
nurseries. The New York City 
Department employs digested 


cial 
Park 
sewage sludge in the preparation of 
artificial topsoil for use in the city 


par k 5 
Conclusions 


From these findings it is concluded 
that digested sewage sludge as pro 
duced in Connecticut treatment plants 
is markedly beneficial to our soils and, 
when used under proper conditions, it 
improves crop yields. Our research 
has shown that: (a) growth of small 
grains and grasses was generally in 
creased irrespective of the soil pH; 
(b) crops like beets and spinach are 
benefited only where the soil is ade 
quately limed (pH 6.5 or higher) ; 
(c) coniferous nursery stock is prob 
ably benefited by moderate rates of 
sludge (50 cu. yds.) provided the soil 
acidity is maintained at about pH 5.3 
5.8 
On strongly acid soils, sludge ap 
approximating 50 
cu. yds. per acre found to be 
deleterious to most agricultural crops 
(except grasses and small grains) as 
the result of minor element toxicity 
Very high applications, approaching 
150-250 cu. yds., may be disastrous 
unless the soil is well limed 

Some sludges tend to delay germin 
ation, particularly at the higher rates 
of application, and especially where 
the sludge is fresh from the treatment 
plant. In field practice moderate appli 
cations applied some months before 


plied at rates 


was 


seeding would presumably not create 
this problem 
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Addition of Garbage to Sewage 


By T. R. HASELTINE 


‘ rnainee tfst 


are four different ways by Central Grinding Stations During grinding, water is added at the 


, - a 
garbage has been added to sew The grinders used at central grinding "4% ° 1% to 24% gpm 
t and most common method tations are of two types, either the ham It has been suggested that as home 
eat, dump and flush meth mermill type as manufactured by the grinders develop in popularity, ordinances 
prohibiting their use will be as difficult 


probably been in use ever Jeffrey Manufacturing Co. and Gruender, 
to entorce as are our present inances 
prohibiting the introduction of roof drain- 


: les wet ' 
d commodes were invent r the rotary shear type, as manufactured 
method is extremely com »y Mitts and Merrill wer consump 

: age into sanitary sewers At present 

these domestic units ars | too high 


yone who exXarmmire« 

priced to be installed in any but the more 
expensive homes However, mat people 
expect that their use will some day be 


come as widespread as our elect 


ries with the finene f the grind 
a primary set arly periments with so of these 

wage treatment , ly atte mpted to g | the garbage 
scientific, hov it would pass a %-in. mesh screen 

pens¢ vous Howe ! xperience indicated that a 

bor he procedu finer in wi lesir: and now, 80 tar 
i tl 4 I Ow present day units 

| 


material so it will 


frigerators today 
In the May, 1949, issue of Water & 
tant methods of adding ASS Y%4-in. mesh screet Power cot Sewage Works, Mark Owen traces the 
from 4 kilowatt development of radios, refrigerators, au 
tomobiles and similar units and draws a 
comparison between those unit ind do 
mestic grinders It is his estimate that 


gz 
domestic grinders l used in 
I homes 


Methods of Adding Garbage to Sewage 


attempt to grind 


are by central grinding 1¢ rang¢ 


arge to sewers, grind hour ton of garbage grou Jeffrey 


nt with discharge to h ve different sizes « ranging 
nd home grinders é ‘ per hou n capacity 

’ by 1965 
central grinding by : »y . ‘ J 
m,. Pa. in 1923. Si epow or and the lare approximately 45 per cent 
and that from then on their usage will 
increase until they will be found in from 
Lansing, Mich., Durhan per hour and is powere« 30 horse 0 to 60 per cent of the homes. It should 
Merrill be noted, however, that radios, electric 
from 6 to 24 refrigerators and automobiles are still not 


used in all homes, and ther unless 


have been used at Bal epower mot I mallest 


dianapolis, Ind., St. Loui grinder ha of 6 tons 


Ind and perhaps other ’ motor ; d 
ling statior have been 
ewers either immedi 0 rn an ave motor sizes rang 
treatment plant r from 40 to rsepowe! All three 

ions throughout make have provisions for egregating 

» metal However, tin cans are not 


located at the sew included in this categor and are cut up 


home grinder use is ad mpulsory 
there is no reason to expect that house 
hold grinders will ever be universal 
, used 
ven found advantageous with the wet garbage in event they enter , 
around matedial directie the units. Grinders « hammermii! Quantity and Character of Garbage 
thus avoiding any type have difficulty in handling such ma It must | orne in mind tl 
other ewage treat terial a corn husk Ou feathers or green, bage can be added 
idvantages and di Water is added to ass flushing the age. It should preferably be unw 


method will » di ground materials through t hine. as relatively free from paper, and fit to feed 
later in this paper the case of the domest rrind W: hogs. Ramsey states that in an average 
al 3 
rinding stations may ter cor imption ranges rom city wet garbage constitutes 65 per cent ot 
interest to the oper: gallons per ton of garbag yur the total tonnage of refus« At Los Ar 
pending upor whether ul ¢ y geles, where there are little or no ashes 
/ | 


treatment pl 1 
iting at below ‘ t it i and combustible refuse is not collected 


namel 
utput wet garbage constitutes 77 per cent of the 
i re, Md. states total tonnage of refuse collected. Thus it 

0 created by central grinding appears that we would still have dumps 

tations can be heard for distances of 400 and periodical visits of the rubbish man 
» 500 feet. but concludes that the odor even though domestic garbage erinder 


1 ; 
vere universal used 


grinder 
wage plant operator 
Pa., has an ordinance 
installations of these 
and I am told that 
I the only city west 
» similar ordinan incit 1 or gat Before considering the effect 
demonstrate the appar hage iM mission of ground garbage t 
, . ewage treatment plants, it is 
Domestic Grinders to have same idea of the 


} 


scceptance of these units 
g stations will not elimi 
ial garbage Altl ug the Gener il ] j ‘ 7 i garvage t 
ightly par posall” is the best kn n hous¢ ‘ extensive review 
the ot}! hage grinder, there are a dozer ates that the average 
mmplete eliminate different manufacturers of kitchen gar of green garbage ranges 
heridder gri and at lk t four manufac to OB Ib per capita per 
r restaurants and hotels this variation may be due 
hold type manufac moisture « t, which 
ire licensees o seneral Electric ously reported from 60 to 
pecifications for on household the purposes of this discussi 
ta green 


include ‘ y duction of 0.6 Ib. per day 


ance ' nits suppl y factur assumed a per cay 
some tar distant tin 
public to garbage co rhe ! ’ ’ per cent moisture P 
sare is the prese rge s dd \ F reasonab!] The per capita production of garbage is 
tude to the collectios unifor ' sf , f which s} subject to greater seasonal variations than 
When that time co , tj } approved : is the per capita production of sewage 
erinders wi ; soil which solids. For example, at Columbus, Ohio 
vill prevent cloege or stoppage / where the average production of garbage 

T he “(fy shredder + was 0.68 Ib per capita { ] ver a 12 


aplta 
uniforn ear period the pe ak fe 


r 


Ua 
a 30 day period 
1} 


Ai 
or 
juirements 100 per during that time was 1.37 Ibs. Maximum 

at least 90 production ul during the summer 


creen. not when green veg les are most plentiful 

40 sieve ind usually is at a minimum during the 
Standard and month of February 

basis.” The literature contains numerous analy 

pound per ses of garbage, many of which do not 

garbage agree This is not surprising; in fact, 
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there is no more reason to expect various 
analyses of garbage to agree than there 
would be to expect various analyses of 
sewage or sewage sludge to agree. In the 
accompanying table is presented more of 
less typical analyses of all three sub 


stances 


which carries suspended matter continues 
to flow as water until the concentration 
of suspended particles become so great 
that they touch one another in the fluid 

Sewage is so dilute to start with that it 
does not seem possible that a 50 per cent 


increase in suspended solids would cause 


Comparison of Character of Garbage with Sewage and Sludge 


table 


universal 


spection of that 
that the 


garbage to 


make it evident 


must 


admission of ground sewagt 


cd 
is bound to materially increase the burden 


sewage treatment plants or receiving 
Che table is 
at the figures for ground garbage 
the assumption that the 
ground without the addition 
stated, this is not 
domestic grinders o1 
Water con 
sumptior grinders ranges 
between 1 and 2 gallons per capita pet 
lay The water consumption ot l 
grinding stations averages about the 
is assumed that 0.6 of a pound 
garbage per capita is produced 
trom 


somewhat misiead 


based upon 
k urbage 1s 
iT water, while as above 
either tor 
for central grinding stations 


domesti 


the case 
w itl 
central 


same, if it 
i green 
that water 
OO to 700 


consumption ranges 
gallons per ton of garbage 
dilutes the garbage 
having an initial 
cent as assumed in the 
solid 


and 
ground This water 
so that inste: of solids 
ontent of 25 per 
1o tabl 
accompanying table, 


about 7 per 


it would have a 
cent 


mtent of onl 


Effect of Garbage on Sewage and Sewers 

table indicate that if 
community wer 
that the 


the raw 
| 


The figures in the 
irom a 


a | garbage 
ground and added to the sewage 
and B.O.D. of 


would be increased approximate 


uspended matter 
scwart 
grinders will 
homes the 


nce domesti 
in all of the 
their use 
However, the it 
giver on water! 


resulting from will be 
ae 
less 


roportionat« 
previously 


p 
formatiotr 
indicates that even were all garbage 
either by 


isage 
ground 
central grinding 
' 
sewage would be 
> 


f a community to be 
omestic grinders or in 
ations, the quantity of 
increased only 
based 
100 gallons per « 


s evident that so tar as 


about 1 or per cent 


assumed sewage flow of 


upita per day). Thus it 


upon an 


size or capacity 


f sewers is concerned, the grinding of 


garbage and deposition into those sews 
ll have no eftect 


Ex 


Ww 


yerience with domestic grinders ha 
that the 
to house plumbing does not cause 
fact. there is a tet 


to keep the 


s} admission of finely ground 


garbage 
clogging them: in 

garbage insice 
at 


Normal domestic sewage and most it 
lustrial wastes are extremely For 
a flow of 100 gallons per capita, 


pound of suspended 


dilute 
c xample 
ontaining 0.2 of a 
matter would hi 1 suspended 
mtent ¢ 50 ppm. Even if all garbage 
vere ground and added to the sewers, the 


5 ispended s( lids ce 


solids 


ntent would only be 


360 ppm In the design of sewage 


ictures, engineers apply the same laws 


draulics to the flow of sewage as are 
Water 


nlied ¢ the flow of water 


Garbage 


Pounds Per Capita Per Day 
Primary 
Sludge 


Ground 
Sewage 


more deposition than occurs In not 
ial sewage stem 


is tree trom deposits before the admission 


Theretore, if a sewer s) 


to expect that 
addition ot 
if troubles are 


ot garbage, it is reasonable 

it will remain so aiter the 
ground garbage. However 
now experienced wit! cle position of sew 
certain 


addition of 


age solids in sewer 
ystem, the 


expected to increase the 


portions ol a 
garbage 
amount 


ground 
may be 
of deposition at those particular localiti 
inasmuch as garbage is 
ls than is sewage, 


solids 
ae posits 


Furthermore, 
higher in volatile 
the volatile content oft 

uld be increased, thus 
putrescibility and the likelihood of creat 
odors L he 
flushing sewer systems would be increased 
and, in event the frequency of such flush 
ings was not stepped up reaching 

treatment plant would be more septic 

it had been in the past. These trou 
bles might warrant the exclusion of 
ground garbage from sewage collection 
ystems. The blame, however, should not 
be placed on garbage grinders or garbage, 
but upon the inherent faults in the design 
or construction of the collection 

stem 


those 
increasing the 


ing obnoxious necessity tof 


scwart 


scwanre 


well de 


signed sewer stems are 
deposition of s Is at the 
laterals volume 
( wage 1s small to maintain ace 
quate depths of flow and hence solids be 
ome stranded along the pipe. It is to be 
expected that if domestic grinders are in 
illed in homes tributary to the upper 
that such 


f these 
Flushing 


l venti 
troubled with 
ends ot 


upper where 


i se too 


lateral sewer 
will be increased 


be the « nly 


Ities 
remedy 

After 
it seems reasonable 
hould he 
of properly 
signed 
ystem 


factor 

it there 
no objections to the admi 
ground garbage to a 
and constructed sewer 
Such may not be the case with a 
ymbined system. Most combined systems 


are cle igned 


considering all of these 
to conclude th 
sion 
well de 


separate 


with storm water overflows 


which come whenever the 
total flow 


Iry weather 


into operation 
exceeds 2 to 3 
flow The 
the overflow at that time is so low in 
pended and B.O.D. that it has no 
deleterious effect upon the receiving 
stream which presumably is also a flood 
stage If all the garbage of the 
community has been ground and added to 
this sewage, then its B.O.D. and suspend 
ed solids content will be increased WS per 
cent, and hence the B.O.D. and suspended 
solids content of the storm overflow would 
increased. Whether 
increase would cause ob 
conditions in the 
matter for 


times the peak 


theory being that 


solids 


however 


be correspondingly 
r not 
jectionabl 


sti h an 

receiving 

tream 1s individual study in 
' 


eact wality 


Effect of Garbage on Grit 

Now let us consider the possible eflect 
of the addition of ground 
sewers upon the various sewage treatment 
plant structures First let us consider 
grit chambers. Carpenter, et al, 
that where the municipality collects the 
refuse, it will be difficult to educate house 
holders to separate the garbage trom tor 
eign materials. In cities where 
is disposed ot by feeding to hows or re 


duction, large amounts of metal and glass 


garbage to 


states, 


parbage 


are found in the garbage Unk uch 


materials are removed before the garbage 
is ground, grit chambers in existing plants 
to be extended 


may have 


At Indianapolis, where all garbage was 
ground and discharged into the 
ior seven months, the 
picked for tin cans, heavy bones ar 

pieces of metal, The picked material 
tituted 3.1 lb. of bones and 3.4 Ib, of metal 
per ton of green garbage Despite this 


garbage produced 38.2 


scwane 
garbage was hand 
| large 


con 


hand pi king, the 


lb. of grit 
per ton of 


(containing 28 per cent water) 


green garbage i msti 
increase ; cent 
for the Indianapolis 
collection at In 
0.43 Ib. pet 
where the 


tuted an average 


Tr grit collections 
plant 
dianapolis 


garbage 
amount t 
capita per day. In cities 
tity of garbage is higher, the amount of 
grit higher On the basis of 
0.6 of a Ib. of green garbage per capita, 
grit } 
cent 


(sreen 
only 


qual 
will also he 


the increase in might have been 35 


23 per 
At Pinte l 
ing station is use 

made at the rate of 1.1 ton per million 
gallons of Prior t 
collection 


Ohio, where a central grind 


garbage additions are 


scwart 
the grinding 
aged | cu. tt. pet 
vhile 


operation ol 
Station, grit 
mil, gal. of se 
the operation ot the grit ding 
station, they have averaged 2.7 cu. ft., thus 
indicating an 80 per cent increase in 
amount ot grit 


avert 
Wane 
ince 


largely be 
volatile content is higher 
grit and frequently it 
offensive Ixperience at 
that by 
stead of 4 in. mesh 


‘ 


Garbage 


i! 
il 


grit 1s 
s, et Its 
that of 
is much 


mie CER 
he 
than good 
more 
Indianapolis showed grinding to 
pass %4-in. mesh in 
that the grit could be 
ot grit 
ers will probably be found more nece 
if central 
mn trunk 

to be 

from the grinding of 
stic grinders than 

central grinding stations are 
statement is based upon the ob 
that it is just human nature to take 


hetter care of your 


offensiveness of the 


materially reduced. The use vash 
ssary 
talled 


grinding stations are i 


sewers 

expected that le 
garbage 
would be the cas¢ 
ised 
erva 
tion 
own garbage grinder 
init that you have paid for out of 


hard 


our 


earned than it is to 


mone \ 
including 


about large bones or tin 


in so-called green garbage which is 


delivered to the city’s grinder 


Effect of Garbage on Sedimentation 

The addition of ground garbage to sew 
affect the performance of pri 
tanks in three different 
(a) the amount of scum produced 
») tank efficiencies and quality of efflu 
ent, and (c) the kind and amount of 
collected 


ige may 
mar settling 


Ways 


sludge 


f has shown that the addition 
of ground garbage definitely increases the 
amount of scum forming top of 
primary tanks. However, the more uni 
form the additions of garbage and the 
finer its grinding, the I serious te 


Experience | 


on the 


comes the scum problen It 
recognized that all primary settling tanh 
should be provided with mechanical skin 
I If this is done ! 


and age 


i! 
is generally 


ming devices 
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additions are made at the uniiorm rate, 
or as uniform as might practically be ob- 
tained, it is not to be expected that the 
increase in scum formation will be seri- 
ous. Screening of settled sewage through 
¥-in. mesh screen might be advisable to 
prevent floating solids causing trouble 
with secondary treatment devices. This 
scheme now used at a number of sew- 
age plants, particularly those having 
comminuters or bar screenings shredders, 
and causes no undue difficulty in operat- 
ing problems 

As regards settling tank efficiencies, all 
investigators seem to agree that the addi- 
tion of finely ground garbage increases 
the percentage removals of both suspend- 
ed solids and B.O.D. by plain sedimenta- 
tion, but there the similarity in published 
results ends. One investigator reports 
that these percentage increases in re- 
movals are so great that they completely 
offset the increase in solids and B.O.D. of 
the raw sewage, and therefore the settling 
tank effluent actually has as low, or a 
ower, B.O.D. content than it did prior to 
the introduction of garbage. Another in- 
vestigator, however, reports that the addi 
tion of ground garbage to sewage may 
nerease the B.O.D., of the settled sewage 
as much as 100 per cent. Most of these 
investigations were made on laboratory or 
mall pilot plant scale. Results from ex- 
isting treatment plants are diffi- 
cult to interpret because frequently the 
addition of ground garbage was not the 
only change made at the sewage treat- 
ment plar Frequently central stations 
were constructed at the that 
econdary treatment were in 
stalled and secondary 


se wage 


same time 
processes 


thus return of 


sludge or changes in the character of di 
supernatant being returned to pri 
mary tanks 


ge ster 


might well account for 
atige 


some 
the cl observed in the quality of 
ettled sewage 

After reviewing all of the available lit 
erature, the writer has come to the con- 
that the addition of ground gar 
sewers ahead of the primary set 
tling tank may result in a 5 to 10 per cent 
increase in the suspended solids content 
and a 15 to 3O per cent increase in the 
B.O.D. of the tank effluent. These figures 
ipply to a municipality where all green 
garbage is ground. Obviously if domestic 
garbage grinders are installed in only a 
few of the the resulting increase 
will be correspondingly less, and in fact, 
may be so small that it cannot be observed 
until time as those grinders become 
more universally used 

As regards volume of sludge collected 
in primary settling tanks, the literature 
indicate that in general the gar- 
solids have settling characteristics 
those of the sewage solids and 
therefore the solids content of the 
primary will be about the same 
ifter the addition of ground garbage that 
it was befors Because of the increase in 
total solids, however, there will be a cor- 
responding increase in volume of sludge 
In fact, as the figures in the table on gar- 
bage characteristics would indicate, and 
several statements of 
investigators, it appears reason- 
ible to expect that the volume of sludge 
would be increased 100 per cent as a re- 
sult of ground garbage additions from the 
entire community, Since the garbage sol- 
ids are higher in volatile matter than are 
the sewage solids, the increase in volatile 
ontent of the sludge will be even greater, 
per ips 150 to 175 per cent 


clusion 


bage t 


homes 


suc h 


seems to 
hage 
similar to 
that 
sludge 


as confirmed by 
various 


Effect of Garbage on Chemical Treatment 


When garbage is ground much of the 
matter which was originally in suspension 
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goes into either true solution or colloidal 
dispersion. The more distant the grind- 
ing point above the sewage plant, the 
greater will be the amount of material 
dissolved. Rudolfs has found that actu- 
ally a considerable portion of this dis- 
solved material is in true solution rather 
than colloidal dispersion and as such is 
not amenable to chemical coagulation. 
Therefore, chemical precipitation will not 
effect a B.O.D. reduction as great on mix- 
tures of sewage and ground garbage as it 
will on sewage alone. 

Rudolfs also found that the addition of 
ground garbage to sewage increased the 
amount of chemicals required for coagu- 
lation. When iron salts were used as the 
coagulant, the addition of garbage always 
increased the iron demand at least 5 to 
10 ppm. The importance of pH adjust- 
ment with iron appeared more pronounced 
in sewage garbage mixtures than in sew- 
age alone. Optimum coagulation occurred 
at a pH of 8&5 to 9. On the other hand, 
where alum was used as the coagulant, 
the addition of garbage to the sewage 
made less difference in the chemical de- 
mand, Optimum coagulation was at a 
lower pH 


Effect of Garbage on Secondary Treatment 
In general, grit chambers and primary 
settling tanks are designed on the basis 
of sewage volume and since the addition 
of ground garbage makes very little in- 
crease in volume of sewage, little or no 
change in these structures are required to 
adopt them to sewage garbage mixtures, 
even though operating problems such as 
sludge quantities, grit quantities, or chem- 
ical coagulant requirements may be in- 
creased by the addition of ground garbage 
Now let us consider secondary or oxi- 
dizing methods of sewage treatment. 
Since the addition of ground garbage in- 
creases the B.O.D. ot either settled or 
chemically coagulated sewage, and since 
these oxidizing treatments are designed 
partly, at least, on the basis of B.O.D. 
loading, it seems obvious that secondary 
treatment structures must be increased if 
ground garbage is to be added to the 
sewage. Obviously, the amount of in- 
crease is dependent upon the amount of 
garbage added. The effect of these addi- 
tions of ground garbage upon the acti- 
vated sludge process has been reported by 
a number of investigators. All seem to 
agree that the oxygen demand resulting 
from the addition of garbage is just as 
readily oxidized as is the normal oxygen 
demand of the settled sewage. They also 
agree that the addition of ground garbage 
does not interfere with nitrate production 
and that, providing aeration periods and 
air usage are adequate, it has no deleteri- 
ous effect upon settling or oxidizing char- 
acteristics of the activated sludge itself. 
Tolman has concluded that the addi- 
tion of ground garbage to raw sewage 
would increase the required capacity of 
aeration tanks for the activated sludge 
process by 5 per cent, and the quantity of 
air required by 11 per cent 
Less research has been done on trick- 
ling filters. It is generally agreed, how- 
ever, that the organisms responsible for 
oxidation on trickling filters are the same 
as those responsible for oxidation in the 
activated sludge process. Therefore, it 
seems logical to believe that mixtures of 
ground garbage and sewage may be as 
easily treated on trickling filters of ade- 
quate size as mixtures can be treated in 
suitable activated sludge plants. It is quite 
possible, however, that floating solids re- 
sulting from increased scum formation on 
primary tanks might cause difficulties 
with nozzle clogging on trickling filters 


unless screens are injected between the 
primary tanks and the filter distributors. 

Where only primary treatment is prac- 
ticed, the receiving stream is actually the 
secondary treatment or oxidizing unit of 
the complete sewage disposal system. Ob- 
viously, increases in B.O.D. or suspended 
solids of the settled sewage place a 
reater burden on the receiving stream. 
/hether or not it can handle that burden 
is a problem for local investigation in 
each case. 


Effect of Garbage on Sludge Digestion 

Repeated laboratory studies have shown 
that the organic matter in garbage is di- 
gestible regardless of whether such mate- 
rial is digested alone or mixed with 
sewage sludge. Experiments on the diges- 
tion of garbage solids alone indicated that 
there was a tendency for the formation of 
acid conditions and that frequently the pH 
dropped so low that digestion was seri- 
ously retarded or inhibited. 

Inspection of the table of analyses pre- 
viously given indicates that nitrogen con- 
stitutes only about 1.5 per cent of the 
volatile matter in garbage, as compared 
with almost 4 per cent in primary sewage 
sludge. Quite possibly there is not enough 
nitrogen in the garbage to maintain the 
necessary alkalinity for good digestion. 
In the case of digestion of a garbage-sew- 
age sludge mixture, although the nitrogen 
to volatile matter ratio is considerably 
lower than it is in the sewage sludge 
alone, it is apparently high enough so that 
little or no difficulty is encountered in 
maintaining suitable alkalinity and pH 
for sludge digestion. 

Ground garbage has been successfully 
digested with sewage sludge in ratios 
varying from 0.3 up to 15 parts of dry 
volatile garbage solids per part of dry 
volatile sewage sludge solids 

Data indicate that at least 16 cu. ft. of 
gas may be expected per pound of volatile 
garbage solids digested. This compares 
with estimates of 15 to 18 cubic feet per 
pound of volatile sewage solids digested. 
As might be expected, the optimum tem- 
perature for digestion of sewage garbage 
mixtures is the same as for the digestion 
of sewage solids alone. Babbitt had little 
or no success in digesting garbage sewage 
mixtures in unheated Imhoff tanks during 
the winter months, but was quite success- 
ful in digesting it in heated separate 
digestion tanks. Obviously, seeding and 
mixing of incoming raw sludge with ac- 
tively digesting material is just as neces- 
sary when digesting the mixtures as it is 
when digesting sewage sludge alone, but 
again there seems to be considerable dif- 
ference of opinion as to whether or not 
mechanical mixing and stirring devices 
are necessary and if so, which type of 
device is best suited to the problem. 

While there is every reason to believe 
that garbage may Be successfully digested 
when mixed with sewage or sewage 
sludge, it does not follow that the addition 
of garbage to sludge digestion facilities 
already operating under a heavy load 
would cause no serious difficulty 

In the operation of sludge digestion 
tanks, there is no single unit by which the 
loading on a particular tank can be meas- 
ured. Loading is a function of both the 
volume of the raw sludge, and the weight 
of dry volatile solids introduced into the 
tank. Obviously more volatile garbage 
solids will require digestion if the ground 
garbage is discharged directly to the di- 
gester than if it is discharged to the trunk 
sewer 

Various investigators have reported 
that when the ground garbage is fed to 
the sewage, the quantity of garbage reach- 





ing the digester will vary from 40 to 75 
per cent of the total garbage additions. lf 
we assume this percentage to be 67 per 
cent, then it is obvious from the foregoing 
table that the direct addition of ground 
garbage to the digester would increase 
the quantity of dry volatile solids to be 
digested 163 per cent as compared with 
about a 100 per cent increase if the ground 
garbage was added to the raw sewage 
ahead of the grit chamber. 

On the other hand, even when allow- 
ance is made for the addition of water 
during grinding, the ground garbage will 
contain 7 per cent or more, solids as com- 
pared with 4 to 5 per cent solids in normal 
primary sewage sludge. Therefore, the 
total volume of raw material charged to 
the digester will be no greater if all gar- 
bage were ground and delivered directly 
to the digester than it would be were the 
garbage delivered to the raw sewage, and 
only the settleable portion removed from 
the primary tanks to the digester. On the 
basis of the previously given analysis, 
these volumes would be almost identical ; 
many investigators claim that there is 
actually a reduction in volume of material 
charged to the digester when the ground 
garbage is delivered directly to those 
tanks. 

In any specific instance, complete infor- 
mation on the quantity and character of 
both the local garbage and sewage should 
be obtained before deciding upon the di- 
gestion capacity required for handling the 
mixed garbage-sewage sludge, but in gen- 
eral, the addition of all of the garbage of 
a community will approximately double 
the digester capacity that would be re- 
quired for digesting sewage sludge alone. 
At complete sewage treatment plants, 
where digester capacity is considerably 
higher due to the necessity of digesting 
secondary as well as primary sludge, the 
addition of garbage would not necessitate 
such a big percentage increase in digester 
capacity. 

Although the digester capacity required 
for handling garbage-sewage sludge mix- 
tures will be about the same regardless of 
whether the ground garbage is added di- 
rectly to the digester or to the raw sew- 
age, it should be noted that the quantity 
of gas to be expected from such digestion 
will be considerably greater if the garbage 
is added directly to the digestion tanks 
Assuming the same degree of digestion in 
either case, this increase might be 30 per 
cent. 

Lansing, Mich., was one of the first 
municipalities to adopt the practice of 
grinding all green garbage and discharg- 
ing it directly to sludge digesters. Deliv- 
ery of ground garbage was made by 
pneumatic ejectors. The plant was com- 
pleted early in 1938 and included the ac- 
tivated sludge process, as well as primary 
sewage treatment and garbage grinding. 
Soon after it went into operation consid- 
erable difficulty was encountered with the 
deposition of grit in digested sludge lines 
and the clogging of ball valves on digested 
sludge pumps. This grit resulted from the 
grinding of bones, egg shells, fruit pits 
and bottle caps originating in the garbage 
The operators found it necessary to flush 
all digested sludge lines daily and each 
day removed about 15 to 20 cu. ft. of such 
garbage grit from those lines. As a result 
of that experience, most plants handling 
ground garbage now either discharge that 
material to the sewage ahead of the grit 
chambers, or provide special facilities for 
removing the garbage grit before it is 
introduced into the digester. However, 
ground garbage has been successfully 
handled in the digestion tanks at Goshen, 
N.Y., without prior removal of garbage 


grit. There the digestion system is of the 
two stage type. Ground garbage is de- 
livered directly to the primary digesters 
by pneumatic ejectors. When sludge is 
transferred from the primary to the sec- 
ondary digester it first passes through a 
manhole before entering a second ejector 
Whenever the operator believes it is nec 

essary, he places a wire mesh screen at the 
point where the primary digester dis- 
charge line enters the manhole and in this 
manner removes the larger inorganic 
solids. This is done occasionally and is 
not a regular routine procedure. 

Henry Taylor, designer of the plant, be- 
lieves that the removal of garbage grit is 
unnecessary if a blow-off head of at least 
10 ft. is provided at the primary digester 
sludge draw-off line and if facilities are 
provided between the two digesters for 
removal of the coarser, non-organic mate- 
rial. 

Two methods have been used for re- 
moving grit from ground garbage before 
it is introduced into the digestion tanks. 
The method used at Marion, Ind., pro 
vides for the delivery of ground garbage 
to a pit where water is added to bring the 
solid content down to approximately 5 per 
cent. The contents of the pit are then agi- 
tated with compressed air which washes 
the garbage, causes most of the organic 
matter to float, while still permitting the 
grit to settle to the bottom. After a few 
minutes of such agitation all of the con 
tents of the tank, except the deposited 
grit, is pumped to the digesters 

The other method that has been used is 
to pass the ground garbage through a grit 
washer similar to the Jeffrey jig-grit. The 
overflow from such units, which includes 
most of the organic matter in the garbage, 
passes to a wet well from which it is 
pumped to the digesters. While either of 
these methods is successful in eliminating 
grit from the ground garbage, both of 
them dilute it with additional water so 
that the material delivered to the digester 
contains only 4 to 5 per cent solids instead 
of perhaps 7 to 10 per cent solids that 
might have been obtainable had grit re 
moval not been considered necessary. Ob 
viously this materially increases the vol 
ume of raw sludge delivered to the diges 
ter and therefore produces an additional 
burden on sludge digestion and increased 
digester overflow liquor. In fact, the solid 
content of the deliveries to the digester in 
this case would be no greater than it 
would be had the ground garbage been 
delivered directly to the raw sewage ahead 
of the main grit chambers. Therefore, the 
only advantage gained by direct additions 
of garbage to the digester in this manner 
is the elimination of the previously men 
tioned effect of ground garbage on chem 
ical precipitation or oxidizing processes of 
secondary sewage treatment 


Effect of Garbage on Sludge Drying 

Rudolfs has investigated the dewater 
ing of fresh and digested sewage and 
sewage-garbage sludges on vacuum filters 
He concluded that fresh sludge from 

wage-garbage mixtures can be readily 
dewatered on vacuum filters with the aid 
of ferric chloride before or after diges- 
tion. The ease of dewatering such sludges 
after digestion appears to depend on the 
same factors which determine the rate of 
dewatering digested sewage solids aione 

In general, all investigators agree that 
digested sewage-garbage sludge has the 
same general characteristics as digested 
sewage sludge, and all experiences indi- 
cate that it may be as easily dried on 
either vacuum filters or sludge drying 
beds as can be the digested sewage sludge 
alone. It should be obvious, however, that 
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sewage plants handling ground garbage 
will require larger drying facilities than 
would be the case if they received no gar- 
bage at all. Even though garbage is high 
in volatile solids, not all of that volatile 
matter will be digested and therefore 


there will be a very material increase in 
quantity of digested sludge to be dried 


Conclusions 

In conclusion, it may be stated that gar- 
bage may be ground and added to sewer 
systems without creating any serious 
problems, providing such systems, includ- 
ing the collection system as well as the 
treatment plant, are adequately designed 
and constructed to receive such material. 
Where collecting sewers are already sub- 
ject to solids deposition and putrefaction, 
or where sewage treatment facilities are 
already operating at close to maximum 
capacity, a municipality may be entirely 
justified in making every effort to exclude 
garbage from its sewer system. 


So far as central grinding stations are 
concerned, it is obvious that they should 
only be installed after careful consider- 
ation of the condition of the existing sew- 
erage system and the costs of enlarging 
and operating that system to handle the 
garbage has heen compared with the cost 
of constructing and operating incinerators 
or other methods of garbage disposal 
equally satisfactory from a sanitary view- 
point. So far as domestic garbage grind- 
ers are concerned, one may expect it to 
become increasingly difficult to prevent 
their installation as the public becomes 
more familiar with their convenience, and 
more widespread use results in decreased 
initial cost of household grinders. There 
fore, designers and all others charged 
with the maintenance or operation of 
sewer systems, should recognize the prob- 
ability of gradual increases in sewage 
treatment loads that are likely to result 
from the widespread use of these units 

Although existing sewage treatment 
plants can be ahesed or enlarged if neces- 
sary to facilitate the handling of ground 
garbage, the same cannot be said for the 
ability of a receiving stream to handle an 
additional load of pollution. Thus, it is 
conceivable that in some cases the admis- 
sion of ground garbage to the sewage 
system will necessitate a higher degree of 
treatment than would be the case if gar- 
bage were disposed of by incineration or 
some other method 

In event the use of central grinding 
stations is under consideration, the ques- 
tion will naturally come up as to whether 
such stations may be better placed at the 
sewage treatment plant or at some more 
central location providing shorter hauls 
by the garbage collection vehicles. Time 
does not permit mention of all of the fac- 
tors to be considered in arriving at such 
a decision. I do wish, however, to call 
attention to one factor which might be 
overlooked. The practice of using sludge 
digestion gas for power generation is well 
known and as the previous discussion 
pointed out, the addition of garbage to 
sewage might more than double the 
amount of gas available for power pro- 
duction, heating and the like. In the 
writer’s opinion, the power to be obtained 
from such gas might better be used for 
operating pumps, blowers, or other units 
that operate practically continuously, than 
for driving garbage grinders that operate 
only intermittently. Garbage grinders 
have extremely large motors. The starting 
of such large motors would create exces- 
sive loads on generating equipment that 
might otherwise be large enough to supply 
the power required at the treatment mam 
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Use of Lubricating Greases and Oils 


in Sewage Treatment Plants” 


by H. J. MILLER 


Chief Operator, Sewage Treatment Plant, Marysville, Calif 


N is one of the most 
nt parts of operation and 
cost in sewage treat 
hiow should oil and 
\t the 


there is a 


| and handled 
lif plant 
which 


loravre 


room mn 
placed on a horizontal 
11 equipped with a 
pigot, under which is placed 
lhe drip tray is impor 
would 
to leak 
filling of container 
purchased in 10-Ib 


contamer in 


there 
the floor due 


tnerwise con 
‘ irele 
con 
ronere bemng one 
pumping station and one at the 
plant (,reat care 1s taken to replace 
the container cover tightly after each 
dust, in 


would enter and 


not done a 
dirt 


Lise If thi vere 


ect and other 


later get into the machine bearings 


When taking oil trom the store 


room to ot locations where oil ts 


needed ] gal vla jugs are used. 


plainly marked and with tight screw 


on lid lhe reason for using glass 


ii Of 


any torqgn 


metal 1 to be able to see 


material or moisture that 
might be m the oil, as well as to re 
duce waste by overflowing when fill 


ing and to be able to see how much 


remattl ] jug 
Lach § llon « 


recorded, dated, and in 


oil taken from the 
toreroo%m 
itialed by the operator taking it, Thi 


record sheet stays in the storeroom 
1 quick check on how much 


ol left u 


ind vive 
each drum, and also how 


muct i! should be budgeted from 


veut ‘ 


Lubricating Schedules 


hould have a lubricating 


should be 


plants 
Who 
ible’? The Marysville plant follows a 


chedule respon 


«chedule primarily set up by the 
manufacturers and lubri 
This calls for 
emi-annual, monthly, week 
check ups or 


equipment 
cant manutacturers 
annual 
ly, and even daily 
changes 

The solenoid or automatic oilers 
checked by the night 
¢ oilers have glass res 
Che 
night operator also changes the oil in 

} 


are filled and 


oper itor Lhe 
j 


ervol im ire easily watched 


the aeration lower once a week. In 


* Ry . i from Sewage and Industrial 


ui f Vol p. 1048, by 
FS&IWA 


pernussion of 


W.&S5.W RerereEnce & DATA 


thi way he is held responsible for 
these lubricators 

Monthly check-ups are made by the 
Phey 
moving caps to see if the oil is clean 
Most of these 
reservoirs are not easily checked and 
should be taken of during the 
day. nil « hange s are made by the day 
from light 
heavier oil in 
Each time an oil change 


day operators consist of re 


and at the correct level 
care 
operators, semi-annually 
oil in the winter to a 
the summer 
or check up 1s made, it is recorded on 
daily sheets 

Can equipment be over-lubricated ? 
this 
doubt, has been experienced by many 
out, 
bearings heating, gear boxes leaking, 


operation 


[he answer to question, no 


operators bearing seals going 


and many other incidents. In one 
neglected to turn 
drive motor to check 
Ihinking the oil to be 
actually it 


pumped up to a bearing 


case, an operator 
off an electri 
the oil 


when 


level 
being 
he filled it 
Phis had 
lew minutes 
\fter a few 
hours running the oil expanded 
and burst the 
happened, the oil was 
wind 


low, was 


to the correct level motor 


been operating only a 


before the oil was put in 
through heat oil seal 
When this 


thrown inside on the motor 


igs 
and caused considerable damage 

Do flushing agents need to be used 
when changing oil in gear boxes or 
Although flushing 
the Marysville 
if metal particles from wear 


other reservoirs 


is not used at 
plant 


should show up, flushing would be 


now 


Recommended flushes are diesel 
one-half kerosene 
and S.A.E. No. 20 
oil is considered the best 

The problem of over-lubrication 
brings up the should a 
good record be kept of each piece of 
equipment lubricated ? The answer, of 
course, is yes, because equipment may 
the 


done 
oil or kerosene : 


one-half motor 


question 


again be over-lubricated or, to 
other extreme, under-lubricated 

When a semi-annual oil change is 
April 20, a notation 
should be made on the corresponding 


made, say on 


advance daily operation sheet (dated 
20) that the oil change is 
This saves guess work as 


October 
again due 
to the 
back through the sheets to find it 


last date and having to trace 


Safe Use of Lubricants 


Can oil be re-used where there 1s 


no visible breakdown of the oil bases ° 
Some plants do re-use their oil after 
it has been filtered or strained, al 
though this has never been the policy 
at Marysville, where it is thought to 
be far cheaper to purchase a drum of 
oil than repair bill. It is 
very expensive to remove a pump mo 
tor and shaft, for instance, and still 
more expensive to replace or align it 
Also, most electric 
plants are explosion proof, and this 
fact makes any repair or replacement 
double in cost as compared to non 
explosive motors. Most lubricant 
manufacturers do not recommend re 


to have a 


motors in sewage 


using of oils 

Is it possible to change from one 
brand of lubricants to another? Yes, 
and greases the 
same specifications. Oils, on the oth 


as most oils have 
er hand, may vary considerably in 
their base material, If a change is to 
be made, it is wise to consult the local 
distributor. He has all the informa 
tion on what can be used and what 
should not be used 

Are oil drippings and grease left 
on equipment harmful? Very defi 
nitely so, as these lubricants tend to 
soften paint and paint coverings are 
important in sewage plants. It 1s also 
difficult to make paint stay on where 
oil has been present for any length of 
time. Where grease and oil are left 
on equipment, they pick up dust, in 
sects, and other material causing the 
equipment to look dirty. But the im 
portant thing is that this dirt may 
get into the gear boxes or lubricators 
when they are checked or 
changed. 


being 


From a safety standpoint everyone 
knows what may happen if oil is left 
on the floor—someone may slip and 
fall and be seriously injured. This is 
the biggest repair bill of all and is so 
very unnecessary. Another point to 
be remembered is that oil on an un 
covered but taped electrical connec 
tion may soften the insulating tape ; 
consequently someone could be seri 
ously burned or even electrocuted. 

Lubrication in sewage treatment 
plants is nearly 
other part of the operation 
quently, all handling, storing, usage, 
and these important 


maintenance supplies is also very im 


as important as any 
Conse 


cleanliness of 


portant and should be well supervised 





A Lubrication Check Sheet 


HE Lubrication Check Sheet shown 

below will be of help in normal times 
of operation as well as when adverse condi- 
tions prevail. 

There are three steps in setting up a 
lubrication check sheet. 

1. Locate every piece of equipment need- 
ing grease or oil as a lubricant or as pro- 
tection. 

2. Study the manufacturers maintenance 
instructions to determine where and when 
to lubricate and what kind of lubricant to 
use. Inasmuch as many manufacturers have 
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particular soiled in the matter of 
lubricants, this may lead to a large num- 
ber of different types of lubricants and 
as many grease guns. 

It may be much simpler to call in a 
lubrication engineer from any of the recog- 
nized oil companies and have kim prepare 
a lubrication specification sheet for every 
point of lubrication you have listed. 

In this way it may be possible to cut 
down on the number of oils and greases 
that will have to be stocked. As few as 
two oils and two greases may suffice. 
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3. Prepare the Lubrication Check Sheet 
following the general idea of the accom 
panying illustration. List all of the units 
needing lubrication, the necessary lubrica- 
tion points, the type of lubricant recom 
mended for each point. Allow space for 
date of lubrication and initials of operator 
performing the job. 

There is no doubt that the Lubrication 
Check Sheet will become more and more im- 
portant to the proper maintenance of oper 
ating equipment. 
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VII—INDUSTRIAL WASTES 


_ PROBLEMS of industrial 
wastes are many, varied, and ex 
treme. According to the U. S. PHS 
there are more than 10,500 industries 
discharge liquid Of 
approximately one-fourth treat 


whicl wastes 
these, 
their wastes at least in some degree ; 

fourth discharge untreated 
equivalent to a population of 
perhaps 60 million persons. Data are 
not available on the remaining 50 per 
cent but probably half produce or 
vastes and the remainder pro 


anothe | 


wastes 


gan 


duce inorganic or mixed wastes 
With this 


reaching the 


load 
rivers, lakes and oceans, 
it is easily understandable that the 
industrial waste problem represents a 


tremendous waste 


large economic loss; a loss in salvage 


able material, in corrosion, m in 
creased costs of water purification and 


health 


Im prope rty 


measures, and losses 


public 
values and recreational 
has calculated the ex 


loss but it 


area No one 
tent of the 
timated to 


dollars annually 


economn has 


been ¢ amount to several 


billion 


Quantities of Waste 
idea of the the 
waste problem can be obtained from 


Some extent ot 
an understanding of the volumes of 
water used for industrial production 
lable 
ror 


1 indicates water requirements 
ome typical industries 


Character of Wastes 

often classi 
industry 
include 


Industrial wastes are 
fied 
The get 


Chemical 


according to type of 


eral classifications 
Fermentation, Food Prox 
Metal Mining, 


Proc essing, 


‘ ig’ 


Petroleum, Pulp and Paper, Textile, 
and Miscellaneous, In these nine gen 
eral classifications, there are approxi- 
mately seventy different industry 
wastes 

From the considerations of treat- 
ment, industrial wastes are often clas 
sified as imorganic, and 
mixed. In general, inorganic wastes 
require treatment involving chemical 
and mechanical ( physical) processes ; 


organic, 


organic wastes require treatment by 
biological processes and possibly also 
chemical and mechanical 
Mixed wastes will require treatment 
involving physical separations, chem 
and treat 


processes 


ical treatment biological 


ment 


Treatment Processes 


One of the most effective “waste 
treatment processes” is by product re 
covery and although this method of 
treatment may not show a pront, sale 
of the byproduct may reduce the cost 
of over-all treatment. Other opera 
tions within the producing plant may 
also reduce the waste load leaving the 
plant without unduly increasing the 
costs of production. These operations 
include change of processes, separa 
tion of cooling water, recycling 
and evaporation of highly 
concentrated wastes. Where these op- 
erations will not reduce the waste load 
sufficiently to make it acceptable to a 
municipal sewer system or to a re 
water, then 
form of treatment will be necessary 

lhe and the 
processes involved depends on volume 
toxk 


wastes, 


ceiving body of some 


extent of treatment 


and concentration of waste, its 





TABLE | 
Industrial Water Requirements 


Type of Industry 


ca ndustrie 


Starch ton 
A h 
Arnvry 


Sulfate ton 


ton 


Unit of Production 


Gal of Woter Used 
per Unit 


ton of grain 


100 cases 


live units 


100 Ib 


100 Ib 
100 Ib 
100 Ib 
100 Ib 


Petr 


leury 


Oi! Refinery 
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100 bb! crude 


content and the dilution available in 
the receiving water. For each plant, 
the solution selected should produce 
the desired result at the lowest pos- 
sible net cost. 

Among the unit treatment proc- 
esses which may be applied to wastes 
are those listed immediately below, 
but not every one of these processes 
is applicable to every type of waste: 

Aerobic biological oxidation 

Anaerobic digestion 

Chemical Coagulation 

Chemical Oxidation 

Chlorination 

Deionization 

Dewatering 

Drying 

Filtration 

Flocculation 

Flotation 

Incineration 

lon Exchange 

Lagooning 

Neutralization 

Screening 

Sedimentation 

Spray Irrigation 

Vacuum Filtration 


Industrial Waste Surveys 


Where industrial dis- 
charged directly to streams and abate 
ment of pollution is desirable, a sur- 
vey of the problem is the first step 
Governmental bureaus are usually in- 
terested in such surveys and may par- 
ticipate. Within a community the sur- 
vey may be performed by municipal 
engineering services or consulting en- 
gineers. In any industrial waste sur- 
vey, no matter by whom conducted, 
the purpose is not to persecute indus- 
try but to establish the extent of the 
problem and the solution 

The first step in an industrial waste 
survey is to obtain adequate publicity 
to the general public and the indus- 
tries emphasizing that the cooperation 
and aid of industry is the paramount 
consideration. The second step is to 
list and classify all industries within 
the area surveyed. From this classi- 
fication, industries having no liquid 
sanitary) may be 
eliminated. Other classes should be 
listed in order of known relative 
strength or importance. The third step 
is to request each industry by letter 
to appear at a conference with repre 
sentatives of the organization making 
the survey. The fourth step 1s to con- 
duct an actual investigation of the 
sewers and wastes within a plant, the 
plant processes, etc This part of the 
survey involves not only questions of 
plant management but also measure- 
ment, sampling and analyses of the 
actual wastes. From this information 
the solution to the problem usually 
can be devised 


wastes are 


wastes (except 
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Buying and Using Lime 


Its neutralizing value depends upon reactivity and basicity 


[: is probable that for neutralizing 
acidity lime is used more exten- 
sively than all other substances 
Over a long period of time, lime has 
found many applications as a 
neutralizing agent, because of its 
relative cheapness and general avail- 
ability. But in spite of long experi- 
ence with it, a number of miscon- 
ceptions still persist about the 
chemical properties of lime and the 
technology of using it efficiently. 

Among some users, the word 
“lime” signifies a fairly definite 
article of commerce. This leads to 
the belief that all limes are much the 
same, regardless of their source. 
Lime manufacturers are fully aware 
that this is not so. Each endeavors 
to make products of consistently 
uniform quality, to guarantee that 
month-to-month variations in the 
chemical and physical properties of 
their particular merchandise will be 
small. But the great variation in 
composition and structure of lime 
stones from different quarries, and 
the variations of calcination prac 
tice, yield limes whose properties 
differ widely 


Several Types of Lime 

All limestone quarried for conver- 
sion to lime contains small to mod 
erate amounts of impurities, of 
which silica, iron oxide, and alumina 
are the most common. 

Fig. | illustrates spectographically 
the variety of impurities that may 
occur in commercial limes. Samples 
1 and 2 are commercial high-cal- 
cium and dolomite limes, 3 and 4 are 
U.S.P. lime and magnesia, respec- 
tively. Note that the boron in the 
U.S.P. magnesia sample shows that 
it was recovered from sea water 

In addition to impurities, lime- 
stone may contain magnesium car 
honate in amounts from almost zero 
to equimolar proportion with its cal- 
cium carbonate. Stone containing 
less than 10 per cent magnesium car- 
bonate is considered to be high- 
calcium limestone; if more than 10 
percent is present, it is called mag- 
nesian limestone 

Dolomite is a definite mineral con- 
sisting of a crystalline matrix of the 
carbonate of calcium and 
In some limestones the 
intimately inter- 


double 
magnesium 
two carbonates are 
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mingled in approximately equimolar 
proportions, but not crystallized as a 
double salt; such stones also are 
usually called dolomite. Where mag- 
nesium carbonate is present in 
substantially greater proportion than 
calcium carbonate, the stone is 
termed dolomitic magnesite. With 
such a variety of raw materials it 
is obvious that limes can be made 
with properties that vary over a con- 
siderable range. 


Neutralization Economy: 
Three Important Factors 

Deliverd price, available basicity, 
and reactivity are factors of funda- 
mental importance for economy in 
neutralization. The low cost of lime 
may suggest that savings resulting 
from careful attention to efficiency 
in neutralization practice would be 
insignificant. There are many plants 
at which upwards of $100,000 is 
spent annually for lime to neutralize 
acidic waste waters. Thoughtful 
analysis of the neutralization prob 
lem, both in plant design and opera 
tion, can readily yield appreciable 
savings, even where modest operat- 
ing costs are involved, 


Price 

Where industrial wastes are to be 
neutralized, it is axiomatic that the 
cheapest agent capable of fulfilling 
the requirements should be used. But 
delivered cost per ton is not usually 
a sound criterion of the actual cost 
of available basicity. Limes selling 
for the same price can have quite 
different chemical properties. Buy 
ing a product at a premium price 
often results in net gain through 
economy in operation, Where pur 
are made direct from the 
manufacturer, a user can generally 
be sure of getting a product of de 
pendable uniformity. Purchase from 
can be risky, however, 
unless a definite brand is specified 
In any case, wherever possible, even 
cheap neutralizing agents should be 
held to specifications by routine 
analysis 


Available Basicity 

Where lime is bought to neutralize 
acidity, the purchaser is really pay 
ing for available basicity. The same 


chases 


a jobber 
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price is paid for the inert material 
in lime as for the reactive fraction. 
Actually, the inert material costs 
more, since it increases the final 
sludge volume without contributing 
to the reaction, and thus adds to the 
expense of sludge removal. The cost 
per unit of basicity must be used, 
therefore, if the prices of different 
neutralizing agents are to be com- 
pared fairly, 

Chemical analysis of lime is time- 
consuming, and it cannot be de- 
pended upon to provide an accurate 
measure of available basicity. This 
results from the fact that some of 
the calcium and magnesium oxides 
may combine with silica, iron oxide 
and alumina during calcination to 
form compositions that are insoluble 
in acids. Routine chemical analysis 
determines total calcium and mag- 
nesium without revealing how they 
are combined with other elements. 
Where the original stone contains an 
appreciable proportion of inerts, the 
potential basicity of the lime may be 
reduced considerably, especially if 
overburning has been severe. Also, 
the reactivity of lime decreases with 
the degree of overburn, and neutral 
izing power is thereby lost 

rhe only sound way to determine 
available basicity is to measure it 
under conditions simulating those of 
actual Such a determination 
can be made easily and quickly in 
the laboratory. A moderate 
of a representative sample of the 
acidic liquor, at the temperature to 
be expected in practice, is mixed 
with a known amount of neutraliz 
ing agent definite time, The 
excess acid is titrated, and available 
basicity calculated, as grams of 
equivalent calcium oxide (CaO) per 
gram of sample, for the time and 
temperature of the determination 
If the agent is quicklime, it must first 
be slaked ; if hydrated lime, it must 
be suspended in water. A series of 
determinations should be made at a 
number of uniformly longer time 
intervals. In some instances it may 
he desirable to run several series at 
different temperatures, to decide 
upon the best operating conditions 

This procedure can be quite useful 
for attaining maximum neutraliza 
tion efficiency. By adopting a set of 
standard conditions (acid volume 


use 


excess 


for a 
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ration, weight of sample, 
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Influence of Calcination 
Practice on Reactivity 


ind’ magnesia must dissolve 


can react with an acid 


Both react with water and go into 


solution as hydroxides, Calcium hy 


(17 g/l) 


rather 


droxice } lhorhtly soluble 


and mawvnesiun hydroxide Is 
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insoluble (0.01 g/1) These sub 
stances are therefore used as aqueous 
suspensions in neutralization proc 
esses. The rate at which they can 
react with an acidic liquor is gov- 
erned directly by their rates of solu 
tion. This rate is controlled pri- 
marily by the concentration of the 
substance in the surrounding water, 
and the exposed surface of the solid 


material 


Particle Size and Solubility Rate 


Where the hydroxides are 
ing as rapidly as they dissolve, there 
is a driving force which promotes 
solution from the solid phase. But 
at which solution can occur 


react- 


the rate 
is proportional to the area of the 
solid. ‘Thus, the smaller the particles, 
the more rapidly they will dissolve 
[his is why the most reactive limes 
are those that yield the par 
ticles when they are hydrated. Cer 
tain dissolved increase 
the solubility of lime and magnesia 
This 


when 


finest 
substances 


in water, and some decrease it 


must always be remembered 
the reactivity ol 


in different solutions. 


a lime is compared 


\mong the several factors re 
sponsible tor the reactivity of a lime, 
calcination practice is the most im 
portant. This is so because calcina 
tion technology 
within limits, to fit the 


stone ot 


can be designed, 
requirements 
of a particular product. 
When limestone 1s calcined, its car- 
bonate decomposes and the carbon 
In this process the 
but re- 
struc- 
should 


and 


chioxice 
doe not disintegrate, 
its original crystalline 
Lhe lime 
have a porous 


cs apes 
stone 
tains 
ture 

theretore 
fine-gramed structure 


resultant 


very 


Porosity Is Determined 
by Lime Density 

The true density of lime varies but 
little, whereas its apparent density 
can be widely variable Porosity, 
a Significant tactor in reac 
tivity, is the ratio of apparent den 
sity to true density \pparent 
in turn, is governed partly 
manner in which the stone 
has been calcined. A fairly pure 
high-calcium stone, if properly cal 


cined, can having more 


which is 


density 
by the 


vield a lime 
than 50 per cent pore space 
Although the point of 
calcium oxide is high 
about 4650°F), it begins to soften 
at a comparatively low temperature 
For thi the initial fine 


yrained lime 


melting 


pure very 


reason, 
structure ot may 
rapidly on continued 
As a result, the surface 
may he reduced 


noted that 


change expo 
to heat 
the 


considerably 


sure 
lime 
It should be 


area oft 


brief exposure to a very high tem- 
perature may have the same result 
as long exposure to a relatively 
moderate temperature 


The impurities in lime tend to in- 
crease reduction in surface area by 
lowering the temperature at which 
softening occurs. In addition, these 
impurities combine with calcium and 
magnesium oxides at high tempera 
ture to form compounds or solid 
solutions which cause a portion of 
the lime to become wholly or partly 
inactive. Since the reactivity of lime 
is a function of both surface area 
and calcium oxide content, it is clear 
that calcination technology can exert 
a profound effect on this property. 


Magnesian and Dolomitic Limestones 


Most of the statements made 
about high-calcium limes apply 
equally to those containing substan 
tial amounts of magnesia. Where 
limes contain more than about 10 per 
however, certain 
must be 


cent of 
additional 
nized. 


When are 
calcined, the burning must be care 
fully controlled to produce the de 
sired type of product. Calcium car 
1O50°F, 
and magnesium carbonate at about 
1380°F, at atmospheric pressure 
his means that complete dissocia 
tion of the calcium carbonate frac- 
tion of a stone will result in some 
overburning of the magnesia that 
was formed first. In practice, the 
temperature differential between the 
two carbonates is probably lower 
than 270°F, because of the effect of 
factors that are not well understood. 


magnesia, 


factors recog- 


magnesian limestones 


bonate dissociates at about 


Nevertheless, calcination of mag 
nesian stone requires precise control 
of kiln operation to insure minimum 
overburn of the magnesia. Like lime, 
the reactivity of magnesia decreases 
with the degree of overburn. Since 
the low solubility of magnesia makes 
it normally less reactive than lime, 
overburning can easily change it to 
the finished 


an inert component of 


product 


Advantages and Disadvantages 


Magnesian and dolomitic limes 
have two principal advantages over 
high-calcium lime. The lower com- 
bining weight of magnesium oxide 
permits it to neutralize about 1.4 
times as much acid-equivalent as cal 
cium oxide, and magnesium sulfate 
150 times as soluble as cal 
cium sulfate. Both of these prop- 
erties are economically important 
High-calcium and magnesian limes 
usually sell for the same f.o.b. price 


is about 





Freight rates being equal, a pur- 
chaser therefore pays less per unit 
of basicity, in proportion to its mag 
nesia content, when he buys mag- 
nesian lime. The relatively high 
solubility of magnesium sulfate can 
keep sludge volume to a minimum, 
and thereby reduce the cost of sludge 
disposal. 

These desirable properties are 
disad 
will 


counterbalanced by several 


vantages. Obviously, nothing 
be gained, and a great deal may be 
lost, by using overburned magnesian 
lime But even reactive magnesian 
limes have peculiar properties that 
detract from their usefulness. The 
magnesia fraction of a lime is most 
reactive in strongly acid solutions; 


its reactivity decreases as the pH 


rises, and, at high 
react at all 
that dolo 
used most advan 
where 


solution 
does not 


of the 
pH values, it 
his property 
mitic lime can be 
tageously in applications 
complete neutralization is not re 
quired, because its reactivity declines 
at pH values above 6 


indicates 


rapidly 

By incorporating special features 
in the neutralization 
plant, however, dolomitic lime can 
be used effectively at pH 9 or some- 
what higher. Fig. 2 illustrates lab 
oratory equipment used to determine 
the rate of reaction of dolomiti 
lime 


design of a 


Practical Applications 


[wo examples may serve to illus 
trate the peculiarities of neutraliza 
tion with dolomitic lime. The spent 
liquor from pickling steel with sul- 
furic acid is commonly neutralized 
with lime, and this process has been 
studied in detail, both in the labora 
tory and in the field. Properly slaked 
high-calcium lime rapidly neutral- 
izes the acid and precipitates the iron 
in pickle liquor. This is a simple 
operation, requiring only that the 
proper amount of milk of lime be 
thoroughly mixed with the spent 


liquor 


When 
used under the 
completion of the reaction takes five 
15 to 20 


a imnilk of dolomitic lime is 


same conditions, 
hours or more, instead of 
minutes. This results directly 
the relatively 
fraction of the lime 


from 
low reactivity of the 


mMagnesian 


When the two reactants are mixed, 
the lime fraction reacts promptly 
with the free acid and _ ferrous 
This raises the pH of the 
decreasing, the 
As the 


comple- 


sulfate 

solution, thereby 
reactivity of the magnesia 
neutralization 
tion 


progressi\ 


approac hes 
therefore, the reaction becomes 


ely slower because of a 


diminishing driving force for solu- 
tion of magnesium hydroxide 
Finally, the neutralization is com- 
pleted by the least reactive portion 
of the magnesia fraction. But this 
takes a long time, and the size of the 
neutralization plant must be large in 
proportion, If the rate of the neu- 
tralization reaction could be in- 
creased, advantage could be taken of 
basicity of dolo 


the lower cost of 


mitic lime 


Factors Affecting the 
Reaction Rate 


When ferrous hydrate oxidizes, it 
releases hydrogen ions; this lowers 
the pH of the solution and increases 
the reaction rate. Oxidation of fer 
rous iron can be promoted by expos 
This can be done easily 
using an 


ing it to air 
by direct aeration or by 
agitator that inducts air, such as a 
lurbo-Mixer. Increasing the tem- 
perature also increases the reaction 
rate, as does the addition of a small 
excess of lime. 

It has been found that by provision 
of adequate aeration, by operation 
at 170°F or higher, and by using a 
five per cent excess of lime, pickle 
liquor can be neutralized in less than 
an hour with reactive dolomitic limes 
that otherwise would require five 
hours. Adoption of these measures 
should permit neutralization of 
pickle liquor at a cost no greater, 
and possibly less, than for high 
calcium lime 

In another instance, a_ large 
enough excess of dolomitic lime was 
added to an acidic waste to raise the 
pH to 6.5 in about two minutes. In 
this case only the lime fraction re 
acted, and all of the magnesium 
oxide component was found in the 
sludge. When the reaction time was 
increased, the amount of lime added 
could be reduced and still develop a 
pH of 6.5; at the same time, the 
magnesia reacted completely. This 
experience illustrates the fact that 
where reaction rates are increased by 
adding a large excess of dolomitix 
lime, the magnesia component is not 
only wasted, but it needlessly in 
creases the sludge volume 

Where dolomitic lime is used to 
develop a high pH, it is important to 
recognize that magnesium hydroxide 
is insoluble at pH 10.5 and above, If 
it is desired to raise the pH of a 
solution above 10.5 with dolomiti 
lime, the lime fraction will first have 
to precipitate all the magnesium 
salts in solution. At pH 10.5 all 
magnesium will have been precipi 
tated as the hydroxide; above this 
point only the lime fraction w1!l be 
effective in raising the pH further 


Improper Slaking Causes 
Diminished Reactivity 


The effect of slaking on reactivity 
is not always fully appreciated, Both 
lime and magnesia must be con- 
verted to hydroxides before they can 
go into solution and react with acidic 
substances. The rate of hydration 
depends partly upon the composition 
of lime and the way it has been 
made, and partly upon slaking tech 
nique, Where lime is intended for 
chemical uses, improper slaking can 
reduce its reactivity seriously 

In general, the more rapidly a lime 
can be hydrated completely, the finer 
will be the resultant particles. This 
can best be accomplished by slaking 
with that volume of water, prefer 
ably warm, which will develop the 
highest practical slaking tempera 
ture. much water results in 
drowning the lime, too little in burn 
ing it; both amounts reduce its 
potential reactivity 


‘Too 


The rate of hydration of different 
limes varies so much that the proper 
amount of water to use must be de 
termined by trial; usually, about 
four pounds of water per pound of 
dry lime will yield a reactive slurry. 

Magnesium oxide hydrates much 
more than calcium oxide 
Where magnesian or dolomitic limes 
are used for neutralization, it is de 
to allow the heavy suspen- 
several days before 
for use in 


slow ly 


sirable 
sion to age tor 
dilution to a milk suitable 
neutralization equipment 

Drvy-hydrated limes often are used 
for neutralization at installa 
In such instances, the higher 
is overweighed by 
convenience in handling. A freshly 
slaked lime, however, will be more 
reactive than the same lime that has 
hydrated 


small 
tions 
cost of basicity 


been dry 


Sludge Volume 


Disposal of the sludge resulting 
from lime neutralization can be 
quite costly. Where land is available, 
the sludge may be lagooned. But 
lagoons are unsightly, and they al 
ways seem to fill up faster than 
anticipated. If sludge must be hauled 
to a dump, the expense can be bur- 
densome 

Sludge frequently is unavoidable 
as a by-product of lime neutraliza 
tion. Measures that can be taken to 
hold sludge to a practical minimum 
nearly always be economically 
sound. Some limes produce a larger 
sludge volume than others. The lime 
that produces the least sludge, with 
reactivity, 
In conven 
sulfate 


will 


out an undue sacrifice of 
should always be used 
plants neutralizing 
dolomitic limes 


tional 


liquors generally 
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produce a larger sludge volume than 
high-calcium limes of equivalent 
quality. This often has been a source 
of misunderstanding. Although mag- 
nesium sulfate is quite soluble, 
dolomitic limes tend to make a fluffy, 
bulky sludge with a lower dry solids 
than their high-calcium 
counterparts 


content 


Neutralization Techniques 


Lime neutralization seems to be a 
simple operation, It appears 
that the result can be at- 
tained easily, just by mixing the 
proper amount of lime slurry with 
the acidic liquor. Many operators 
believe that nothing else is worth 
bothering about, and some of these 
even provide satisfactory 
Where the several factors 
important to lime neutralization 
taken into account, po- 
tential gains can readily be can 
celled by poor mixing. Apparently 
it is not obvious that thorough agi 
tation is essential for complete utili 
zation of basicity. Efficient mixing 
is particularly important where salts 
of heavy metals are present in the 


very 
desired 


do not 


agitation 


have been 


acidic liquor 


Fortunately, a technique has been 
developed which permits full use of 
the basicity of any lime, and, at the 
are produces a minimum 
sludge volume. Developed primarily 
to reduce the cost of pickle liquor 
the procedure can be 


time, 


neutralization 
adapted to many other problems 


Simple Process in 
Commercial Use 


Operation of the process com 
prises feeding streams of pickle 
liquor and milk of lime in stoichio 
metric proportion to an agitator 
aerator held at 170°F or above, and 
continuously filtering the resultant 
The aeration is controlled to 
ferrous ratio of 
this vields 


slurry 
maintain a terric 
2.5 to 3.5 in the mixture ; 
a precipitate that settles and filters 


very rapidly 


\eration should be provided by a 
mechanical device for dispersing air, 
Turbo Mixer: porous dif 
bubbling devices do not 


such as a 
1users of 
disperse the air adequately for rapid 


oxidation 


If the liquor is treated hot, as it 
comes from the picklers, no supple- 
mental heat is required, but it is im 
portant that the temperature of the 
170°F 

The process forms a slurry with 
high-calcium lime that 
watered on a vacuum filter at a rate 
of 400 pounds of cake per square 


mixture be at least 


can be de 
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The minimum volume foam 


resulting 
; »s £ lin usir dur 
ypes 6, using procedure 


described by the author 


three 


foot per hour, and the cake will 
contain 60 per cent dry solids. The 
slurry from dolomitic lime does not 
filter quite as rapidly, but the proc- 
ess permits full fAtilization of the 
basicity-advantage of this material 

rhe process is simple to operate, 
and it has been in commercial use 
for several years. The final sludge 
volumes for pickle liquor neutralized 
by this process are shown graphic 
ally in Fig. 3 


A Dry-Lime Process Is 
Convenient but Costly 


Where the volume of acidic liquor 
does not exceed a few thousand gal 
lons per day, the dry-lime process 
developed by C. J. Lewis can some 
times be used to advantage. The 
liquor is treated with a considerable 
excess of dry hydrated lime and 
allowed to settle. The excess lime 
creates a granular sludge that de 
readily on a vacuum 


waters rotary 


filter 


At a commercial installation, the 
filter cake is discharged directly to a 
truck, which hauls it to a dump. Con- 
operation justifies the 
substantial excess of required 
by the 
costly for large installations 


venience of 
lime 
too 


process; it would be 


Research Pays Dividends 


In these days of widespread indus 
trial research it is unnecessary to 
stress the fact that such activities 
have been immensely profitable. It 
would be incorrect to assume that 
the monetary gain of the sponsors 
of research is the sole benefit it con 
fers 
than anything else, for the steady 
improvement in our standard of liv 


Research is responsible more 


ing. Basically, research is a persist- 
ent seeking for facts that will in- 
crease our understanding of the 
environment in which we find our- 
selves. In its synthetic aspect, re- 
search combines seemingly unre- 
lated facts and thus evolves new 
ideas, new products, and new in- 
dustries. Research is autocatalytic, 
because it is catalyzed by its own 
products. 

Lime is very likely the oldest 
chemical made by mankind. It has 
been made and used for such a long 
time that it is almost taken for 
granted. The fact that it is venerable 
may cause some of us to think we 
know all about it, and that research 
would be a waste of time and money. 
That this is far from the truth is il- 
lustrated by the advances that have 
been made in neutralization tech- 
nology in recent years. 


Always More Needs 
for Neutralization 


Jasic data on the economics and 
technology of neutralization with 
limes and limestones were developed 
by the Fellowship of the American 
Iron and Steel Institute at Mellon 
Institute. This work was undertaken 
to supply the steel industry with 
dependable data not otherwise avail- 
able. Some individual lime 
panies apparently were stimulated 
by this research to embark on pilot 
studies which resulted in highly use- 
ful information. But much investi 
gational work still remains to be 
done. 


com- 


The increasingly rapid progress 
that is being made in the field of 
stream pollution abatement affords 
good evidence that more and more 
acidic wastes will require neutraliza 
tion. This is an expensive operation 
It is costly not only by reason of the 
neutralizing agent that must be pur- 
chased, but because sludge disposal 
is a vexatious problem. Nevertheless, 
the opinion has often been expressed 
that it is preferable to neutralize, 
instead of attempting to operate a 
complex recovery process that may 
only break even. Here is a real op 
portunity to provide industry with 
fundamental research data that will 
help solve a problem that is steadily 
becoming more troublesome 


Note: 


The techniques mentioned in this 
paper are described in detail in “Dis- 
posal of Spent Sulfate Pickling 
Solutions,” published by the Ohio 
River Valley Water Sanitation Com- 
mission, Cincinnati 2, Ohio 





VIII—DESIGN AND CONSTRUCTION 


M ANAGEMENT, operation and main- 
tenance of water and sewage 
works occupy most of the attention of 
persons engaged in the supervision 
and operation of water utilities or 
sewage facilities. Two other responsi- 
bilities often are assigned to such per- 
sonnel are: Design and Construction 
supervision 

In many cases, consulting engineers 
are called in to do the design work 
and supervise construction but the 
water or sewage manager, superin- 
tendent or engineer frequently han- 
dles smaller jobs himself or at least 
must be familiar with the problems 
involved and the extent and progress 
of the work. The subject of design 
factors is best understood if he is 
familiar with the subject of water 
supply and sewage treatment. Con- 
struction, on the other hand, requires 
a knowledge of equipment, machines 
and techniques not used in plant op- 
eration 


Trenching 


It does not matter whether it is a 
water utility or sewage works, the lay- 
ing of water mains or sewer lines in- 


volves the same problems and equip- 


ment 

(ne of the common jobs in laying 
lines is that of breaking the pavement. 
Power-operated hand tools are neces- 
sary to this work. These may include 
hand held tools operated by com 
pressed alr, electricity, or self con- 
tained gasoline engines. These tools 
may be fitted for a wide variety of 
jobs from a chisel blade for cutting 
asphalt to a moil point for breaking 
foundation, or a narrow 
brick or stone 


concrete oT 
gad tor removing 
blocks 

Portable air compressors ot 60 to 
500 citm capacity be used for 
operating air driven tools. The num- 
ber of water and sewage works which 
have their own air 
as the need 


may 


compressors con 
tinues to for and 


versatility of these machines becomes 


grow 


apparent to superintendents of water 
and sewage works 

Next job after breaking pavement 
is that of excavating trenches. Trench- 
ing machines will save both time and 
money over pick and shovel excava- 
tion. There are many types of trench- 
ing machines available and their use 
depends on width and depth of trench, 
type of soil, presence of other under 
ground facilities and other factors 
The most common types of excava 
tion equipment used includes trench 
ers, back hoes, clam shells, drag scrap 


ers and power shovels. 

Trenchers or ditchers may be of 
two kinds; one carries ten or more 
digging brickets on a large wheel, the 
other on a boom. The latter is some- 
times termed a ladder-type digger 
l'renchers are used for ditches up to 
4 ft wide, clam shells and power shov- 
els will cut any size trench, the former 
are used for deep trenches. 

In digging trenches, provision must 
be made to prevent caveins in the 
trench walls. This usually is done 
with sheet piling properly braced. 
Backfilling must be done after the 
water pipe or sewer line is installed. 
For this purpose either a bulldozer to 
push the dirt into the trench, or a 
drag scraper may be used. When the 
trench is backfilled, the soil must be 
settled either by puddling or by tamp- 
ing. Pneumatic tampers can be oper 
ated by hand, or mechanical rammers, 
gasoline driven, may be used. 

Tunnelling is a necessity in many 
locations. House connections can 
often be laid in this way, using either 
boring or pushing machines. Holes 
of 2 in., 8 in. or up to 36 in. in diam- 
eter can be bored by special equip- 
ment. Pipe up to 4 in. in diameter can 
be pushed without tunnelling in good 
soil for distances of 50 to 150 ft 
Chere are several makes of pipe push- 
ers on the market using hydraulic 
power, hand or gasoline motor 

For large tunnels the Armco Co 
furnishes liner plates for tunnels 
ranging from 4 to 33 ft in diameter 
lhe construction of large tunnels is 
usually not in the domain of the op 
erating manager but laying water 
mains and sewers of nominal size is 
a problem he may face often 


Dewatering 


When ground water interferes in 
the laying of water mains or sewers, 
it is necessary to remove it by pump 
ing. Trench water is removed by dia 
phragm or centrifugal pumps, oper 
ated by gasoline or electric motor. 
Hand operated diaphragm pumps are 
also used where the quantity of water 
is not great. Centrifugal pumps must 
be self-priming and non-clogging 
There are many dewatering pumps on 
the market 

\nother method of reducing water 
in trenches or other excavations is the 
well point system. Well points are 
driven to a depth of 5 ft or more be- 
low the trench depth and the points 
are usually 2 in. in diameter and are 
spaced from 3 to 6 ft apart, some 


2 to 5 ft outside the trench along one 
side. These well points are connected 
to a single header connected to the 
suction of a pump. The depth, spac 
ing, number of well points, etc. de 
pends on the depth of trench, length 
of trench open and amount of water. 
Excavations for building structures 
can be dewatered by the same system 


Installing Mains & Sewers 


The techniques of installing water 
mains is a matter requiring consider 
able skill, from the preparation of the 
bed to the lowering of the swabbed 
pipe and the jointing either with lead 
or sulfur joint compounds, The tech 
niques of installing sewer pipe, par 
ticularly tile, does not require quite 
so much care in installation, On the 
other hand, more care and attention 
given to laying and jointing pipe the 
better the sewer, the less likely that it 
will leak or allow infiltration and the 
less the possibility of the entrance of 
tree roots. 


Concrete Construction 


Concrete is generally used for 
building foundations, manholes and 
sewers. Modern construction prac 
tices generally use concrete mixed at 
a central plant or truck mixer. Forms 
for manholes, tanks, sewers, et 


be obtained from several manufa 
turers 


can 


Prefab Construction 


In place of concrete structures, pre 
fabricated steel underground struc 
tures are used particularly for under 
pumping 
systems. Many advantages are claimed 
for this type of construction 


ground stations on sewer 


Materials of Construction 
Water 


times 


lines require pipe; some 
cast iron, sometimes 
cement, sometimes steel. in addition, 
all pipe lines use valves (cone, butter 
fly, gate, or plug) and fire hydrants 


Sewer lines use sluice gates 

Any list of materials of construc 
tion must include corrosion resistant 
materials, ceramics, alloys, 
etc.; other materials include prote 
tive coatings, points, lacquers, plas 
tics, rubber base paints, et 


asbestos 


such as 


In the building of water and sew 
age facilities there are few materials 
of construction or equipment neces 
sary to contracting that are not used 
rhe construction of water and sewage 
works makes up a significant part of 
the total construction value each year 
W.&8S.W. 
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Safe Loadings For Wooden Beams 


By W. F. SCHAPHORST, M.E 


Newark, N. J 
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“T° HE above chart will be found handy for many purposes— 
| in the selection of safe beams made of ordinary woods such 
as shortleal whit white oak, longleaf pine, Douglas fir, 
western hemlock, white pine, and spruce. The chart is based on 
data adopted by the American Railway Engineering Association 
for safe, uniformly loaded wooden beams of rectangular section 

Example: It is desired to hold 200 Ib. per foot on a wooden 


pine, 
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beam of 2 in. by 6 in. western hemlock over a span of 5 it. Wil 
the beam be sate? 

Run a strajght line from the point in column A opposite “west 
ern hemlock” over to the depth 6 in column C. The intersection 
with column B shows the minimum span to be 55 ft. The beam 
will therefore be safe as regards span. 

Then from the depth 6 in column C run a straight line through 








tne width 2 in column D and locate the intersection in column F 
Then from that point of intersection run a straight line over to 
the point in column G opposite “western hemlock.” The answer 
is found at the intersection with column F and is 1,600 pounds. 
Since it is desired to hold only 5 « 200 or 1000 Ib. on the 5 ft 


beam, and since the beam will actually hold 1,600 Ib., 


it certainly 


is amply safe. In fact, the chart shows that a beam made of 
white pine or spruce would be safe under this load. 
Inversely, the chart may be used for finding any unknown fac 


Safe Loadings 
For Il-Beams 


By W. F. SCHAPHORST, M.E. 


T= accompanying chart reveals how 
much any ordinary I-Beam will hold 
under the very worst condition, with the 
load concentrated in the middle of the 
span as shown by the sketch on the chart 
The chart, for the sake of safety, is based 
on concentrated loading 

Let us suppose that a weight of 4,000 
Ibs. must be supported. A 7-inch I-Beam 
weighing 240 Ibs., is available. It is 12 
feet long, and therefore weighs 20 Ibs. per 
foot. The minimum distance between sup 
ports that can be obtained for the lifting 
operation is 10 feet. Is the 1-Beam strong 
enough to lift the 4,000-Ib. load? 


The Answer 

Run a straight line through the 10-ft 
(column A) and the 20-lb. (column B) 
and locate the intersection in column C 
Then, from that intersection in column C, 
run over to the 7-in. (column E). The 
intersection through column D shows that 
the I-Beam will support 7,000 Ibs. Since 
the load to be lifted is only 4,000 Ibs. the 
beam is amply strong. In fact, the reader 
can easily find, by applying the chart, that 
a 4-inch I-Beam, all other conditions being 
the same, would safely support the load 
of 4,000 Ibs. 

Similarly, it is easy to ascertain the 
maximum allewable span when the factors 
in columns B, D and E are known. Or, 
the necessary weight per foot of I-Beam 
may be determined when the factors in 
columns A, D and E are known. Last!y 
the depth of beam is determinable when 
the factors in column A, B and D are 
know! 

For loads that are “uniformly distrib 
uted” —not concentrated—the safe loads 
in column D may be multiplied by two 
Thus, the above described beam will sup- 
port a uniformly distributed load of 
14,000 Ibs., or 1,400 Ibs. per running foot 
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tor or factors. If the kind of wood and the span are known, the 
first straight line through columns A, B and C gives the mini- 
mum depth of beam which must be used. If the width of beam 
is unknown, the line through the columns E, F, G is located next 
and lastly the line through columns C, D, E gives the minimum 
width of beam in column D. 

The weight of the beam itself is included in the safe load given 
in column F, hence the user of the chart need not worry about 
that factor 
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WNouUnCing 
A NEW TYPE OF 


SEWAGE EJECTOR 


THE 


SMITH & LOVELESS 
“WAY-O-MATIC” 


Now you can eliminate maintenance with the 
WRITE FOR new Smith & Loveless Sewage Ejector. 


— Scientifically designed, the Smith & Loveless 


AND . 
ENGINEERING Sewage Ejector answers the need for trouble- 


DATA free operation. 


Our research has developed a sewage ejector 
with these features: 


No stuffing box to leak or bind 

No electrodes to foul or spark 

Visual indication of sewage level 

Corrosion-resistant lining inside receiver 

No sewage in contact with level control 
Also available in simplex or duplex Smith & Loveless 


PAT. PENDING Factory-Built sewage lift stations similar to pump sta- 
tion shown below. 





ee -_—- 


> SEWER LINFS ECONOMIFARLY WITH... «© 


ee 





: 4 , Write for fr of Engineer- 
i 3D Smith & Loveless. Tue lng Dote Mon 1. comteining full detail 
on Smith & Loveless Pumping stetions. 

P. O. BOX 8172, KANSAS CITY, MO., Plant, MERRIAM, KANSAS 
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Notes on Design of Sewage Pump Stations 


| ew INFORMATION has been com- 
piled from reference books as well 
as from observation of some better 
designed pump stations. Much of the 
material will seem elementary but it 
is offered with the thought it will be 
convenient as a ready reference 


Need For Pumping 


1. Where the topography is such 
that good sewer grades are not pos 
sible with gravity flow, without ex- 
cessive depth and with consequent 
high construction costs. The sewer 
grade is carried as low as is prac 
tical, then the sewage is raised by 
a pump station to bring the sewer 
close to surface again. 

2. Where the sewer discharges into 
a river or other body of water with 
the hydraulic grade of the sewer be 
low the river surface. In many cases 
such pump stations are only used dur- 
ing high water or flood conditions, 
and are by-passed most of the time. 

3. Where the hydraulic grade is 


By ALDEN SMITH 
Smith & Loveless, Kansas City, Mo. 


such that there is insufficient head 
for gravity flow through a treatment 
plant. 

4. Where it is necessary to boost 
the sewage over a ridge through a 
long discharge line, or force main, 
to a point from which it will flow by 
gravity. Such force mains are gen 
erally of cast iron pipe of the kind 
used for water mains. 


Determination of Pumping Rate 


Most of the volume of sanitary 
sewage and industrial wastes orig 
inates from the water supply. Hence, 
any determination of needed pump 
capacity should start with the records 
for water consumption for similar 
areas of the city. Actual measure- 
ments indicate that sewage flow will 
normally vary from 70 to 130 per 
cent of water consumption. There 
fore, designers often assume that the 
average (not peak) rate of sewage 
flow, including some allowance for 
ground water infiltration, will equal 
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Fig. 1—DESIGN of factory-built underground sewage pump station 


the average rate of water con 
sumption, 

The amount of ground water which 
infiltrates into the sewers through 
poor joints, cracked pipe, manhole 
walls, basement drains, etc., varies so 
widely that prediction is difficult 
When available, local experience data 
are the best guide. Maximum in 
filtration rates of 50,000 gallons pet 
day per mile of sewer are frequently 
encountered in well built sewers be 
low ground water level. A common 
design allowance is 1000 to 2000 gal 
lons per day per acre served, depend 
ing on the ground water level and 
condition of the sewer. 

The maximum rate during the day 
is used to set the pump design ca 
pacity. For sanitary sewers in a resi 
dential area, the maximum is gen 
erally two to three times the average 
flow. For a very small residential 
area, it may be four times, For com 
mercial areas, the peak may reach 
150 per cent of the average. For 
industrial areas it will generally he 
somewhat less. Most text books and 
health department standards recom 
mend an assumed design flow of 250 
gallons per day per capita for normal 
residential areas which have a watet 
consumption of 60 to 125 gallons per 
capita per day. When 
below the ground water level an 
allowance for infiltration should be 
added to this peak figure at the rate 
of 1000 to 2000 gallons per acre pet 
day. 

For storm water flow the 
hest estimated by the formula 


sewers are 


rate 1s 


CiA 
Q- 

43,200 
where Q = Flow in cubic feet per 
A = Drainage area in square feet 
i= Average intensity of precipita 

tion in in, per hr 
C = Coefficient of run-off 


second 


The coefficient of run-off will vary 
with the duration of rainfall at the 
assumed rate, the condition of sat 
uration from previous rains, the kind 
of surface, and the time required for 
flow to reach the drain from the 
farthest point 

Commonly, C will vary from 0.6 
to 0.95 for impervious surfaces, or 
from 0.2 to 0.60 for pervious sur 
faces, (Note: Because | 
43,560 square feet the above formula 
CiA 


acre 
6 ¢ ive ‘ ( var . 
is also given as where 
\ area im acres) 
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BLACKBURN-SMITH MFG. CO., INC. 


55 Garden Street, Hoboken, N. J. 


Telephone: HOboken 3-4425 N. Y. Telephone: BArclay 7-0600 





BLACKBURN-SMITH 


PNEUMATIC SEWAGE EJECTORS 


The Modern, Efficient Way to Lift Sewage 


30 to 500 gpm single 
and twin units for discharge 
heads up to 150 ft. 


Duplex Sewage Ejector, showing inlet piping. 


Blackburn-Smith Pneumatic Sewage Ejectors have ended 
screen and pump cleaning in hundreds of sewage booster 
stations. For over 60 years, Blackburn-Smith Ejectors have 
proved their economy, efficiency, and reliability under all 
conditions. 





Blackburn-Smith Ejectors are preferred by engineers because 
% They are more sanitary, less messy than other 
types of ejectors or pumps. 
No complicated piping. 
No place for collection of solids within pots. 


No worry over operation in water with all-pneu- 
matic system. 


Exclusive Blackburn-Smith Features 


Only the Blackburn-Smith Pneumatic Ejector System, with or 
without air receivers, offers the following choice of controls: 


1—Float and electric float switch; 


2—Float and pneumatically controlled snap-action 
valve; 
Compact ejector system having motor 
compressor assembly and all controls 
in one “packaged” unit 


3—Electrode controls. 


Catalog S-50 gives full details. 
Send for it now. 
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Determination of Pumping Head 


It is important to make an accurate 
determination of the pumping head 
Ihe Fairbanks Morse bladeless sc Ww 
age pump normally furnished 


lvantage of a much steeper head 
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2—CHART of storage capacities for wet well 


2. Pipe friction in the suction and 
(Consult charts for 
hittings mto 
equivalent lengths of straight pipe, 
and for determining friction loss for 
various sizes of pipes. ) 

3. Velocity head (V*/2g) which is 
the energy possessed by the water be 
For ve locity of 8 


discharge lines 


converting valves and 


cause it is In motion 
ft per sec the velocity head amounts to 
1.0 ft. Quite commonly this factor 
is small compared with the total head 
Since commonly dis 
charge into a tile sewer 
through an open transition channel 
in the bottom of the connecting man 
hole, most of the head 1s 
recovered, As a result, it is frequently 
omitted from the head calculations 
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CAPACITIES F VARIOUS DIAMETER 
PING OR FUNNELED BOTTOMS. STOR 
HIGH AND LOW LEVEL SETTINGS SHOULI MER 
TO THE CAPACITY OF ONE SEWAGE PUMP IN GALLONS 
Design Notes), HOWEVER, THE MINIMUM DU FERENTIAL 
Ww LEVEL SETTINGS MUST BE 2 FEET FOR PROPER 
LIQUID LEVEL CONTROLLER THE MINIMUM LOW 
BE 2 FEET ABOVE BOTTOM OF THE PUMP SUCTION 
PUMP PRIME 


ATES STORAGE 
WELLS WITH BLA 
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WET WELL ADD 2 FEET FOR 
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THE MAXIMUM DESIGN FLOW & 1S GALLONS PER 
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DESION. USE A 4 FOOT DIAMETER WET WELL wiTH 
IN ELEVATION BETWEEN THE INFLUENT LINT AND 
WET WELL OF «0 


Mae 


If the pipe line is too large it will 
cost too much, For handling sewage 
a minimum velocity of 2.5 ft per sec 
is required to prevent solids from 
depositing in the bottom of the pipe 
most house connections are 4 
both suction and discharge lines 


PEPPER eel eiia 


Since 
in., 
should be 4 in 

It will frequently be found that a 
pipe size adequate for one pump alone 
will deliver littl sewage with 
the second pump also in service, This 
is not too important since the pump 
selected 


extra 


sizes are normally so one 
pump can handle the maximum flow 

Sometimes two discharge lines are 
provided ; one to route the sewage to 
the treatment plant, another to some 
tream ditch for use, 


or for use during periods when ade 


ol emergency 
quate stream flow exists for disposal 
by dilution. When two 
are provided a careful check of oper 
ating head conditions for both route 
pump 


ftorce main 


to insure that the 
satisfactorily for 
teep head 
the 


pump 


I> necessa&’ry 
will operate either 
The use of a pump with a 
characteristic such a 


Vor ( bladele 


‘ apa if 
Fairbank 
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R-326 
helps to minimize such difficulties, It 
may be desirable to use a smaller size 
pipe for the route with the lower stat 
ic head thus increasing the friction 
head and maintaining an adequate 
total dynamic head to avoid noisy 


Ope ration 


Water Hammer in Force Mains 


formulas for 
hand 


and 
water found in 
hooks do not apply to pump stations 
because they are based on a situation 
where the flow is interrupted at the 
outlet line. For a pump 
tation, however, the interruption of 
flow results shutting off the 
pump at the end followed by 
slamming of the check when 
flow When the pump stops 
the entire mass of water in the su 
tion line, pump and discharge line is 


1 he analysis 


hammer most 


end of the 


trom 
inlet 
valve 


reverses 


to continue in motion under its 
own momentum until the column 
comes to rest and then starts to travel 
in the reverse direction. It is the sud 
den closing of the check valve which 
generally causes water hammer trou 
If the valve is 
of a type which closes quickly before 


tree 


ble in pump stations 


for time, t) 


v 
D 


(Multiply by 


Q/D 





any reverse flow takes place the pres- 


sure increase from the returning 
wave will be relatively small. Should 
the valve stick, however, and then 
slam after high reverse velocities 
have built up (such velocities can be 
much larger than those produced by 
the pump) then the resulting pres- 
sures may rupture the pipe or valve. 
Springs or weight loaded check 
valves may be desirable on long lines 
and/or for high heads. Generally, 
however, water hammer is not a prob- 
lem in sewage pump stations, 


Size of Pumps and Motors 


Because house connections are 4 
in., the smallest pump (or pipe) size 
should be 4 in. Since the velocity 
must be 2.5 ft per sec or more, it 
follows that the very minimum pump 
capacity should be 100 gpm (which 
produces 2.55 feet per second in a 
4-in. pipe). Since a 3-in, diameter 
solid can traverse the bends and 
rough joints of a 4-in. tile pipe line 
the sewage pump should be capable 
of handling at least a 3-in. solid. The 
pump should be of a type proven su- 


perior in handling stringy fibrous 


oS 
Q/D 


Fig. 3—CURVE for determining pump operating cycle 
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materials, because most clogging dif- 
ficulties are from such materials. 
Motors should be large enough for 
the increased horsepower at reduced 
heads without overloading. Three 
phase current is always superior to 
single phase because of greater de- 
pendability of three phase motors. 
The voltage should be 220 although 
440 can be used. Single phase motors 
larger than 5 hp should never be 
used, For single phase jobs particu- 
lar care should be used in checking 
with the power company regarding 
wire sizes and transformer capacities. 
Low voltages at the end of long sin- 
gle phase lines are a common cause 
of difficulty. Where possible, two 
sources of electric power are desir- 
able to insure continuity of service. 


Design of Wet Well 


The Wet Well or receiving man- 
hole should be as small as possible 
to prevent septic action during pe- 
riods of very low flow. However, the 
wet well must be large enough to 
allow at least 3 to 5 minutes to elapse 
between successive starts of a pump 
to prevent overheating of the electric 
motor and control. The bottom of the 
wet well should be sloped as indicated 
in Fig. 1 to eliminate the possibility 
of sewage solids settling out and be- 
coming septic. The volumes resulting 
from the flat slopes intersecting a 
cylindrical sump are complicated to 
compute, therefore, Fig. 2 shows a 
tabulation of storage volumes for 4, 
6 and 8 ft diameter wet wells so 
constructed 

Normally, a wet well is constructed 
of brick or of curved concrete blocks 
of the type available for either 4 or 
6 ft manholes. The blocks for 6 ft 
manholes can be used very success- 
fully to build an 8 ft diameter wet 
well by opening up the inner joints. 
The inner surfaces of the concrete 
blocks should be parged with cement 
mortar and given a bituminous coat- 
ing to protect the concrete from acids 
in the sewage. See Fig. 1 for the gen- 
eral construction of the wet well and 
its relationship to the pump station 
Note that the elevation of the bottom 
of the wet well is determined by the 
elevation of the invert of the lowest 
sewer flowing into the wet well and 
by the vertical distance below the in- 
vert required for adequate storage to 
permit a 4 minute operating cycle. 

It can be demonstrated mathema- 
tically that the length of the operat- 
ing cycle has a parabolic variation and 
that the shortest operating cycle oc- 
curs when sewage is flowing into the 
wet well at one-half of rated pump 
capacity 





If D> Rated pump delivery in gpm 
V = Storage volume between high and 
low levels in gal 
Q = Inflow to wet well in gpm 
t= Total time between successive 
pump starts (operating cycle) 


and t J Q 
D 

D 

Where V and D are constant for 


ticular installation 


any par 


To obtain the operating cycle in 
minutes for a particular installation 
multiply the vertical reading from the 
curve in Fig. 3 by V/D. 

If the storage (\V) equals the rated 
pump capacity (D) and if sewage is 
flowing into the clear well at one-half 
the pump capacity (Q/D = 0.5), 
then it would take two minutes to 
pump from the high level to the low 
level. It would take two more min- 
utes to refill the wet well to the high 
level. Thus, the cycle is four minutes. 
As the above curve shows, this is the 
minimum cycle. For any other com 
bination of inflow and pumping rates 
the cycle is longer. It is interesting to 
note from the above curve, however, 
that for such wide variations of in 
flow as 0.2D to 08D the operating 
cycle only varies from 4 to 6% min 
utes 


4 minute cycle is a reason 
able minimum for reasonable electri 
cal control life it follows that: The 
minimum storage required in gallons 
is numerically equal to the pump 
rated capacity in gallons per minuti 
\n examination of Fig. 2 will show 
that a standard four diameter 
manhole is big enough for most small 
systems 100 gallons of 
storage is required for the mimimum 
size (100 gpm) pump recommended 
Note that the figure is only the mini 
ind storage is desirable 
available at little or no addi 
Actually it may not be 
the minimum 
there must be at 
differential between 


Since a 


foot 


because only 


mum more 
when 
tional 


cost 


possible to use so de 


termined because 


least two foot 
the high level and low level settings 
of the low level pump. The high level 
pump settings normally overlap the 
low range, least 6 


inches to 1 foot higher in each case 


evel being at 


It is impractical to provide storage 
in the wet well for prolonged power 
outages or excessive sewage flows. It 


is much cheaper and more depend 
able to select each pump to handle 
maximum flow. Where possible a 
overflow line f the wet 


gravity trom 


well to some water course is a very 
desirable feature. Such an overflow 
line automatically protects basements 
from flooding or prevents other nui- 
sances during power failures. If the 
possibility exists that high water from 
such a water course can back up into 
the wet well, a flap gate or check 
valve should be incorporated in the 
line, 


Summary 


For a satisfactory pumping station 
the following points should be borne 
in mind; 

1. Use two pumps, each of which 

is adequate for maximum flow. 
2. Use an automatic alternator to 
distribute the wear on the motors and 
to keep the motor windings dry by 
frequent operation. 

3. Provide double mechanical seals 
on the pumps in place of stuffing 
boxes, with clean sealing fluid be- 
tween the seal surfaces at a pressure 
higher than the maximum sewage 
pressure. While many manufacturers 
make good sewage pumps, no sewage 
pumps have a completely satisfactory 
packing box. All sewage contains 
gritty solids. Leakage of sewage 
through the packing box permits such 
solids to cut out the packing and 
more important yet, the shaft or shaft 
sleeve next to the packing. After the 
shaft or wears the leakage 
increases. 

Many attempts have been made to 
prevent leakage of sewage through 


sleeve 


110 


°F 


Air Temperature 
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the box by placing a lantern ring be 
tween several layers of packing and 
by then introducing clean water or 
lubricant under pressure higher than 
the sewage pressure. Such efforts re- 
sult in improvement but not in a sat 
isfactory solution to the problem 
Even when handling clean water or 
clean oil or clean grease the packing 
does wear! The clearances on the 
shaft increase and leakage results 
with consequent accelerated wear! 

Generally, the pressure or volume 
of sealing fluid is not adequate to 
maintain a pressure higher than the 
sewage pressure so sewage leaks up 
the shaft, mingles with the sealing 
fluid and passes out into the station 
If higher seal fluid pressure is pro 
vided to prevent this, excessive seal 
fluid is used at high expense and with 
the seal fluid leaking into the station 
The fact all of the seal fluid has been 
used up may not be discovered imme 
diately—and excessive wear will re 
sult. This leakage of smelly, corro 
sive sewage is very undesirable in any 
pump station, 

Che double mechanical seal, in con 
trast, is almost completely free from 
leakage. One seal surface is of stain 
less steel or similar hard, corrosion 
free material, The other is of a self 
lubricating material such as carbon, 
Two such combinations are provided 
with seal fluid under pressure be 
tween them for cooling and lubrica 
tion. If a bubbler system for level 
determination is used, then the same 
small air compressor which operates 


% Relative Humidity 


Fig. 4—-CURVES for predicting condensation 
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adjustment because of the need for 
a delay cycle to recharge the com 
pression pipe on each cycle to prevent 
water logging 

experience the 
most dependable system is the air 
bubbler This system includes 
a compact air compressor with built- 
in pressure control and storage tank 
a needle valve 


has shown that 


system 


The air goes through 
with automatic differential 
regulator to insure constant flow by 
sure differ 
visual flow 


pre ssure 


providing a constant pres 
ential on the orifice \ 
meter provides a quick visual check 
on this air The air 
through a corrosion resistant line into 


flow discharges 


the sewage below the low water level 


lhe 


end of 


subme rgence of the 


the 


amount of 
the line 
pressure, [his back pressure is 
ured by sensitive pressure switches of 


determines back 


meas 
with mag 
Phe 


end 


the hourdon tube type 
netically actuated mercur\ 


out of the 


tubes 
constant flow of air 
of the bubbler line keeps sewage from 
clogging the line. While sensitive, it 
is easy to adjust with completely in 
dependent high and low level adjust 
ments for each pump 

6, Control Humidity Any 
whether of 


under 
con 
the 
country 1s condensation 
problems during part ot the 
From feet underground 
down to the maximum depth practi 
cal this type, 
will be al 


ground structure, 


crete or steel, in most parts of 
subject to 
veal 


about 6 

ror stations ol 

ground 

constant the veal 

Kansas City the 
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pump 
temperature 
most around, In 
the icinity of 
ground temperature is about 52° Ff 
When the 
above the ground temperature it will 
contact 


outside air temperature ts 


comes in 


with the Vhe 
in temperature will raise the relative 
to 100 percent 
of the cooled au 


he cooled when it 


station walls reduction 


humidity, 
When the humidity 
does reach 100 per cent then conden 
cold surface, 


possibly 


sation will occur on the 


ind the temperature at which this oc 
curs is termed the “dew point’ 
with local 


higure $+, together 


weather information and ground tem 


S 


perature, will enable the engineer to 
determine the of the 
problem. If the air temperature and 
the relative humidity intersect above 
the ground temperature line, then 
condensation will take place on the 
floor and walls of any underground 
structure 

In most parts of the country it will 
be necessary to combat humidity in 
troduced with the outside air. In all 
parts of the country mechanical pump 
shaft seals are needed to keep out 
excess humidity from shaft leakage 
\ refrigeration dehumidifier 
should be mounted in the air inlet 
duct so arranged that air is 
through the dehumidifier from 
outside whenever a pump is running 
remove motor 
the station 


seriousness 


type 


drawn 
the 


his fresh air is to 
heat and to 
periodically 
When no pumps are running, the 
air within the station should be re 
circulated automatically to dehumid 
ify it before it cools. The dry air will 
absorb any moisture in the sump 
Such dehumidifiers with sealed 
tor-compressor units are ver) de 
pendable and long lived. The dehu 
midifier makes a properly built 
underground pump station superior to 
any other construction because of 
uniform the 
ground) and uniform dryness 
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Laying and Jointing Sewer Pipes 


THE question of preventing roots from 
entering sewer pipes and the annual 
cost for removing the same, gives con- 
siderable concern to sewer departments. 

This paper has been drawn from prac- 
tical experience and experiments, carried 
out over years, to produce a root-proof 
and leak proof joint. 

It is also intended to explain, without 
scientific data and complicated formula, 
so that the workman, the pipe layer or 
contractor may be conversant with the 
many reasons why joints may be defec- 
The writer is conversant with the 

inconveniences and _ difficulties 
confront the contractor and his 
pipe layer—wet and muddy trenches, 
threatening storms and cave-in, all of 
which tend to make difficult the workman- 
ship being carried out 


tive 
many 
which 


Roots 

Roots will not grow through solid 
concrete or a solid cement joint, unless 
there is an opening. They will grow 
through the very finest hair crack. Roots 
will not grow through a properly made 
compound (bitumen joint), but will find 
their way through a blow-hole or im- 
properly heated compound. 

At the tip of a root is a very fine tendril, 
finer than a human hair. As this tendril 
grows and reaches a sewer pipe joint, it 
turns and glides over or under solids, but 
reaching the finest opening, it enters. 
Upon entering, the movement of air and 
flow of sewage draws it in and the warmth 
of the sewage and its fertilizing properties 
induce rapid growth. Roots in sewers can 
be temporarily removed by tools and 
machines and in some cases their growth 
can be retarded by the use of chemicals, 
but they cannot be permanently removed 
without re-constructing the sewer. 

It is not the intention of the writer to 
deal with the removal of roots from 
sewers, but rather to suggest means and 
best methods to prevent their entrance. 


Some Types of Joints 

The necessity for secure joints is no new 
problem. Forty years ago engineers intro- 
duced the following joints, as shown 
These joints are all cast upon the pipes by 
the pipe manufacturers, (Fig. 1) 


Duckett’s Patent Stanford Joint (a) 

On the spigot and in the socket is cast a bitu 
minous material gradually tapered. Before fitting 
the pipes together the joints are greased with a 
mixture of resin and Russian tallow. This makes 
a tight joint, but it is advisable to finish it off with 
a seal of cement smoothly trowelled 


Doulton Patent Joint (b) 

This is similar to the Stanford with less bitumen 
and a heavier cement seal. The manufacturer's 
claims for this joint—imperishable, flexible and 
can be laid under water 


Tyndale’s Patent Double Seal Joint (c) 

The convex ring on the spigots makes possible a 
tighter fit than tapers. The socket of the pipe is 
deeper and undercut to permit an effective seal 
with cement 


Button’s Patent Joint (4) 

These rings are cast with annular grooves 
When the pipes are fitted together a grout cement 
is poured in, which flows and sets between th- 
bitumen rings. 


° : 
Hassel’s Joint (e) 

Two cast bitumen rings and two 
in the socket about three inches apart 
pipes are fitted together a grout cemert is 


serforations 
After the 


poured 


by FRED C. PALMER 
Engineer, Nat'l Sewer Pipe Co., Ltd., Toronto, Ont 


into one of the perforations and pouring continues 
until the grout comes up into the other perforation 


Sykes’ Patent Joint (f) 

The pipe for this joint is especially 
tured with a flange near the spigot 
bitumen is moulded in a screw-like 
fore fitting together a special adhesive 
spread over the bitumen threads and the pipes are 
then screwed together This gives an exceptionally 
tight joint 


The foregoing joints are shown and 
described primarily to point out that 
expense in jointing becomes secondary to 
e ficiency. 


manutac 
end The 
thread Re 


cement is 


There are no special joints cast or 
moulded on sewer pipes by pipe manu- 
facturers in Canada, and the writer is 
not aware of any joints cast or moulded 
on sewer pipes in the United States by 
pipe manufacturers, excepting perhaps 
special acidware pipe. 


There are patent joints, mostly manu- 
factured by chemical companies. These 
include Patent Rubber Rings, Pre-Cast 
Compound Joints and Compound for 
Pouring Joints. These joints require skill 
and care in their making. 


The Rubber or Rubberoid Ring is man- 
factured to fit the size of pipe required. 
A cut-back oil is used to aid adhesion, 
the socket is painted with the cut-back 
and the ring placed in the socket, then 
the ring is painted with the cut-back on 
the inside and on the outside of the spigot 
and the pipe fitted home. With ache ov 
care, this is a good joint, but sewer pipes 
vary in dimensions, such as inside width 
of socket and outside width of spigot. 
The variation may be according to the 
dies of the manufacturer or shrinkage in 
burning the pipes. 


In this, as in any other pre-cast joint, 
it is necessary to ensure that the pipes 
used are adaptable to the joint, Some 
manufacturers supply deeper and wider 
sockets than others and again some manu 
facture thicker bodied pipes; and, in 
burning, sewer pipes vary in shrinkage 


Compound for Either 
Pre-Cast or Poured Joints 

Without going into detail of chemical 
formulae, Bitumen Jointing Compound 
consists of approximately 50 per cent 
asphalt oils and 50 per cent filler, which 
may be marble dust, slate dust or other 
ageregate. The heavier the filler, the 
more difficult it is to hold in suspension; 
consequently the necessity for repeated 
stirring during heating and always im- 
mediately before dipping out for pouring 
is evident 


If the compound is left unstirred, the 
filler sinks to the bottom and on a hot 
fire will, with the asphalt at the bottom, 
burn, leaving a residue like coke in the 
bottom of the pot. 


If the compound is poured without hav 
ing been stirred, the joint will be defective 
It will develop blow-holes and through 
being poured with insufficient filler will 
overshrink, 


When bitumen compound is first used, 
the pouring temperature as recommended 
by the manufacturer should be checked 
with a thermometer so that the workman 
can become conversant with the appear- 
ance and the consistency of the material 
as it reaches the pouring temperature 
Having observed this, he will not need to 
continuously use the thermometer, 
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Fig. 1. SPECIAL joints patented by engineers 
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Fig. 2. Correct Sewer Pipe Laying and Jointing 
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Fig. 3. DEFECTIVE sewer pipe laying and jointing 
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Four inch to eighteen inch pipe can be 
straddled by a medium sized man and 
joints made all around from above 
the socket teyond that size, joints have 
to be le from the sides of the pipe; 
therefore a satisfactory working width is 
required widths in practice are 
found to be as follows 


can be 
mac 
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cément or compound all around the joint 
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Laying and Jointing 

If the pipe sockets are not recessed, the 
result will be as shown in Fig. 3. They 
will be bearing only on socket to socket 
and the annular space at the bottom of 
the socket will not be centered sufficiently 
to hold the required amount of cement or 
compound, Also, a shoulder causing ob- 
struction as also shown, will be the result. 


Juting 

Jute, commercially known as Long 
Strand M.O. (minimum oiled) Hemp is 
used either with cement or compound in 
jointing. This hemp is sold in rope form, 
ranging from 10 to 35 strands loosely 
twisted. These strands can be separated 
according to the thickness required to 
center up the pipe. Hemp is used for two 
purposes—-to center up the pipes as re- 
ferred to above, and to prevent cement or 
compound from entering the inside of the 
pipes 


It is quite improper to see on sewer 
construction jobs, the pipes standing 
socket down along a trench, and one or 
two strands of hemp twisted around the 
spigot end ready to be lowered into the 
trench. The pipe layer should measure 
the circumference of the pipe he is about 
to lay by putting this hemp around it, then 
cutting it in lengths 4 to 6 in. longer than 
the outside circumference of the pipe. He 
should pull apart from the rope a sufficient 
number of strands to fill in thickness (not 
depth) the annular space between spigot 
and socket. These strands of hemp should 
be in the trench with him, not put on the 
pipe are let down 


before they 


When ready to fit a pipe into another, 
hemp is used to guide the pipe into 
socket and is carried into the bottom 


the 
the 


of the socket with it. The top and sides 
are then rammed in with a piece of hard- 
wood or caulking tool. It is sometimes 
specified to dip the hemp in a grout 
cement first. This does improve the joint, 
when making cement joints. 


The pipe layer holds the strands of 
hemp rope in one hand and puts the rope 
across his thigh; he rolls it with the palm 
of his other hand, which twists the strands 
together, then holding both ends with one 
hand he can dip his hemp. Then with an 
end in each hand he places it under the 
spigot and guides the pipe into the socket. 


Compound Pouring 

In pouring compound joints consider- 
able time is saved by ensuring that the 
running rope is secure and tight in or 
against the socket, as the liquid when 
poured is liable to run out of the space. 
It is well to plaster trench clay around 
the running rope where it fits against the 
socket. 


The running rope is asbestos, square 
or round. Round is preferable for sewer 
pipe. Before using, the rope should be 
well rubbed with moist clay or graphite 
to prevent the compound sticking to it. 


Compound should be poured slowly in a 
steady stream and continuously if possible. 
The weather condition (temperature) 
should be observed. It is likely in cold 
weather and particularly with 15 inch pipe 
and over that the compound will set before 
flowing to the bottom of the pipe. In this 
condition, it is well to thaw out or warm 
the spigots with a lighted rag and 
kerosene. 


Cement Joints 

When making cement joints in warm 
or hot weather, the spigot of the pipe or 
the whole pipe, should be well wetted, 
otherwise the moisture in the cement at 
the joint will be absorbed by the pipe and 
sufficient moisture will not remain in the 
jointing cement to allow it to set without 
cracking 


If neat cement for jointing is used, the 
joint must be kept moist while setting, 
particularly in shallow dry trenches. 


Providing the pipes when laid and 
jointed are not immediately disturbed by 
common faults, such as walking on the 
pipes, climbing in and out of the trench 
on the pipes, placing a heavy cement pail 
roughly on pipe where it lodges on the 
shoulder of the pipe and leans on the side 
of the trench, immediate backfilling, 
knocking joints to pieces and disturbing 
joints newly made or removing shoring 
too hastily, the writer has obtained best 
results from the following: 


One part portland cement, two and one- 
half parts clean, sharp sand. Mix dry, 
then add sufficient water to dampen, then 
mix (dampen only). Allow to stand forty- 
five minutes, then add sufficient water to 
bring to the consistency for good trowel- 
ling. This mix and the time allowed to 
prehydrate with moisture, eliminates 
shrinkage and gives excellent adhesion. 


Recommended Joint 


The writer prefers and recommends the 
following joint, favorable under any con- 
ditions, and as near fool-proof as jointing 
can possibly be. Use a good jointing 
compound, such as “G-K,” or equal. Place 
a board or plank on the ground near the 
melting pot (Fig. 4) and measure the 
width of the annular space between the 
spigot and the socket of the size of pipes 
to be jointed. Place two boards upon the 





board or plank already placed and space the 
two top boards the width of the annular 
space to be filled and have the two top boards 
thick enough to be two-thirds the depth of 
the socket of the pipe, or space your top 
boards at a distance equal to two-thirds the 
depth of the socket and as thick as the width, 
either way will ce 


Put a good coat of wash (composed ot 
whitening and water creamy in consistency ) 
with a brush between the space of the boards 
rhis is to keep the compound from sticking 
to the boards. Put a plug of trench clay in 
the boards at each end or at a distance equal 
to the circumference of the pipe or pour 
several lengths at one pour 


-Pour the compound steadily backwards 
and forwards into the opening, leave it ten 
minutes to properly set. When one side 
board is taken away a compound strip 
rubber like, has been made 


In warm weather this will be found quite 
flexible; in cold weather the rings can be 
kept flexible by laying on a board near the 
heating pot. Fit it into the joint space and 
caulk the joint with a piece of hardwood or 
caulking tool, then cement the balance of the 
annular space. This will give a waterproot 
and root-proof joint, with a minimum of 
labor 


In very wet trenches it is suggested that 
after caulking in the first ring a second ring 
be caulked in and the cement eliminated 


The importance of laying and jointing 
sewer pipes has been recognized by the 
government of the Province of Ontario 
which last year passed a bill enabling all 
towns and cities to license sewer and drain 
layers. Men doing this work should be 
classed as skilled labor. They should be 
made conversant with the engineers’ specifi 
cations and the importance of proper laying 
and jointing should be conveyed to them 
personally by the engineer or inspector 


They should be made to feel that the 
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Fig. 4. COMBINATION Compound and Cement Joint 
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Breaking Sewers to Make Connections 


A new method applicable to small diameter pipe 


By H. WM. JEWELL 


National Sewer Pipe ¢ 
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CARRYING CAPACITY OF SEWER PIPE—GALLONS PER MINUTE 


(Based on “Hydraulic Tables” by Williams & Hazen) 


1” Fall | 2” Fall 
Size, in in in in in in 
Inches 100 Feet | 100 Feet | 100Feet | 100 Feet | 100 Feet | 100 Feet 


86 102 149 | 186 
256 297 269 534 
| 539 632 921 | 1143 
749 876 1272 1580 
974 1138 1653 2055 
| 1571 1835 2695 | 3345 
eee 2835 3300 | 4790 5950 
4580 5340 7760 9665 


in in 
100 Feet 100 Feet 


3” Fall 6” Fall 9” Fall 12” Fall | 24” Fall | 36” Fall 


2985 4325 9740 11380 | 16580 20550 
4040 5875 18270 15520 22530 27850 
5340 7760 17500 20450 29750 37150 
8740 12600 28350 33000 47900 59500 
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IX—ENGINEERING FUNDAMENTALS 


‘ro DESIGN, construction and op 
eration of water or sewage works 
held of 
held of 
branch of 


lies in the sanitary engineet 


endeavor 


ing. This 
broad : no other 


Is quite 
engineet 
ing requires a knowledge of so many 
fundamental and applied sciences 


Source of supply tor water works 


drology geology, and hy 


involves h 


draulics. Construction of facilities in 
| 


volves civil engineering ; flow of liquid 


involves hydraulic principles; treat 


ment of water and sewage involves 


( he rk al engineering unit proce sses mn 
utilizing mechanical equip 


ered bh 


structures 


ment pow electricity. Rea 
water and ive treatment 
1 } 


ana 


sew 


tions in \ 
coll 


involve Morvank ndal moO 
logical chemistt 
aa 
(mong the fundan 


a sound knowledge is 


entals for which 
essential are the 


subjects of chemistry and bacteriol 


ogy, hydraulics, and mathematics 


Chemistry and Bacteriology 


All water and se wage works labor 


atories should have, in their libraries, 











a copy of the latest edition of “Stand 
ard Methods for the Examination 
of Water, Sewage and Industrial 
Wastes”, published jointly by the 
\PHA, AWWA and the FSIWA 
The AWWA “Manual of Water 


Quality and Treatment contains 
chapters on the chemistry and bacteri 
ology of water treatment and several 
discuss the chemistry of 
sewage \ particularly use 
ful reprint published by Water « 
Works is “The Chemistry of 
lreatment” by Dr a x 


textbooks 


treatment 


Sewage 
Water 
Black 


Hydraulics 


\leasurement of flow in both water 


and sewage treatment systems and 
plants is essential to the proper opera 


tion of each. This subject has been 
presented in several articles in this 
and previous editions of the Refer 
ence & Data An excellent re 
print on the subject has been published 


by Water « IVorks, titled 


mssue 


Se mace 




















Practical Hydraulics” by Prof Robt 


\W. Angus 


Mathematics 

No plant manager or operator can 
carry on his work without the use of 
mathematics. While higher mathemat 
ics is useful in many calculations, the 
simpler branches of mathematics are 
An excellent treatise titled 
Elementary Mathematics” by Prot 
Warren Eglof has been published b 
Vater « Works 


essential 


Sewage 


Charts, Nomographs and Tables 

It is often helpful to an operator to 
tables 
graphs and diagrams by which math 


have available, charts, nomeo 


ematical calculations can be simpli 
hed 
Reference & 
a number of these charts, et 
with the chemistry, hy 
draulics and mathematics. Additional 
charts will be 
found in previous editions of the Ref 
erence & Data Edition of Water « 
Works 


In this following section of this 
Data Edition, there are 
dealing 
subjects of 


and nomograms, ete 


. * 
Maye 
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Alkalinity Equivalents 


MONG the mineral compounds present in natural waters, 
Calcium Carbonate is the most ubiquitous. Partly for this 
reason and partly because its molecular weight at the time, was 
thought to be exactly 100, this compound was chosen as the 
standard to be employed in the measurement of alkalinity and 
hardness 
With more accurate determination of atomic weights, the 
molecular weight of Calcium Carbonate is now assumed to be 
100.08. Very obviously, tables earlier prepared under the as- 
sumption that the molecular weight was 100 will have a small 
and not entirely negligible error if the true weight be 100.08. 
The accompanying table, based upon the newer molecular weight 
of 100.08 for Calcium Carbonate, are arranged in such manner 
as to facilitate comparisons against other substances having dif 
ferent values of alkalinity. These values are presented as being 
more accurate than those appearing in earlier tables computed 
on the old 100 molecular weight value assumed for Calcium 
Carbonate 
A brief explanation of how the tables may be used follows. 
In the sixth column, sixth line, the unity of Calcium Car- 
bonate may be compared directly against every other factor in 


Carbonate, is the exact equivalent, in alkalinity value, to that 
which would be i by 1.6196 of Calcium Bicarbonate; 
0.7403 of Calcium Hydroxide; 0.8424 of Magnesium Carbonate; 
1.0590 of Sodium Carbonate (dehydrated), etc. 

Along the line, right or left, a different comparison may be 
made. The molecular weight, for instance, of Calcium Bicar- 
bonate, is in excess of that of Calcium Carbonate. Therefore, 
it takes more Calcium Bicarbonate to produce a given alkalinity 
than it does of Calcium Carbonate, and it is found that for an 
equal weight of Calcium Bicarbonate the alkalinity value as 
compared against Calcium Carbonate is only 0.6174 parts. Op 
the other side an equal weight of Calcium Hydrate will have 
an alkalinity value of 1.3506 parts; Sodium Hydroxide 1.2508— 
and so on. 

From the foregoing it is seen that the compounds in these 
tables may be compared in two different ways against the Cal- 
cium Carbonate Standard for alkalinity, or — any other 
compound in the table. For instance, heading Sodium 
Hydroxide (NaOH) it is noted that one Ay is equal in alka- 
linity value to 1.3247 parts of Sodium Carbonate (Soda Ash) ; 
and, further, that one part of Sodium Carbonate is only equal 


the column. For instance, one part of alkalinity, due to Calcium to 0.9442 parts of Calcium Carbonate in raising alkalinity values. 


ALKALINITY EQUIVALENTS* 


CaH, 
BaO Ba(OH), CaO Ca(OH), CaCO, (CO,), 
0.3390 0.3034 0.9271 0.7017 0.5196 0.3207 
1.0000 0.8948 2.7784 2.0697 1.5323 0.9461 
1.1174 1.0000 3.0669 2.3128 1.7123 1.0672 
0.3656 0.3272 1.0000 0.7668 0.5603 0.3459 
0.4831 0.4823 1.8212 1.0000 0.7403 0.4571 
0.6526 0.5839 1.78456 1.3506 1.0000 0.6174 
1.0569 0.9458 2.8904 2.1876 1.6196 1.0000 
0.2629 0.2352 0.7189 0.5441 0.4028 0.2487 
0.8803 0.3403 1.0402 0.7873 0.5828 0.3598 
0.56498 0.4920 1.503856 1.1379 0.8425 0.5201 
0.9541 0.85638 2.6094 1.9749 1.4621 0.9027 
0.4042 0.3617 1.1054 0.8366 0.6194 0.3824 
0.5217 0.4668 1.4267 1.0798 0.7994 0.4935 
0.6911 0.6184 1.8900 1.4305 1.0590 0.6538 
1.8658 1.6697 6.1025 3.8619 2.8592 1.7653 
1.0955 0.9803 2.9958 2.2674 1.6787 1.0364 
0.7129 0.6380 1.9497 1.4756 1.0925 0.6745 


MgO Mg(OH), 
1.2895 0.8913 
3.8035 2.6289 
4.2503 2.9377 
1.3908 0.9613 
1.8376 1.2701 
2.4821 1.7155 
4.0202 2.7786 
1.0000 0.6911 
1.4468 1.0000 
2.0912 1.4454 
8.6293 2.5085 
1.5375 1.0627 
1.9843 1.8715 
2.6288 1.8169 
7.0969 4.9052 
4.1669 2.8800 
2.7118 1.8743 


Al,(OH). 
1.0000 
2.9494 
3.2959 
1.0785 
1.4250 
1.9247 
3.1174 
0.7754 
1.1219 
1.6216 
2.8143 
1.1922 
1.5387 
2.0385 
5.5033 
3.2312 
2.1028 


Compound Formula 
Aluminum Hydrate Al,(OH). 
Barium Oxide , “eties BaO 
Barium Hydrate Ba(OH), 
Calcium Oxide .. CaO 
Calcium Hydrate Ca(OH), 
Calcium Carbonate CaCcQ, 
Calcium BiCarbonate CaH,(COs), 
Magnesium Oxide 
Magnesium Hydrate .. 
Magnesium Carbonate .. 
Magnesium BiCarbonate MgH,(CO,), 
i Na,O 

NaOH 

Na,CO, 
NaCO,,10H,0 

NaHCO, 

Na.PO, 


Sodium Hydrate 

Sodium Carbonate 

Sodium Carbonate, Hydrated 
Sodium BiCarbonate . 
*Tri-Sodium Phosphate 
Tri-Sodium —- 


Hydrated 4.3449 


Na. PO,,12H,0 4.8747 1.6527 1.4790 4.5197 3.4207 2.5326 1.5636 6.2863 


Na,CO,, Na. PO, 
10H,O NaHCO, Na,PO, 12H,0 
0.1817 0.3094 0.4755 0.2151 
0.5359 0.9128 1.4025 0.6060 
0.5989 1.0200 1.5672 0.6761 
0.1969 0.3337 0.5128 0.2212 
0.2589 0.4410 0.6776 0.2923 
0.3497 0.5956 0.9152 0.3948 
0.5664 0.9647 1.4824 0.6395 
0.1409 0.2399 0.3687 0.1590 
0.2038 0.3472 0.5334 0.2301 
0.2946 0.5018 0.7711 0.3326 
0.5113 0.8709 1.3382 0.5773 
0.2166 0.3689 0.5669 0.2445 
0.2796 0.4762 0.7317 0.3156 
0.3704 0.6308 0.9693 0.4181 
1.0000 1.7081 2.6169 1.1289 
0.5871 1.0000 1.5364 0.6628 
0.3821 0.6504 1.0000 0.4313 


MgCO, 
0.6166 
1.8187 
2.0324 
0.6650 
0.8787 
1.1869 
1.9223 
0.4781 
0.6918 
1.0000 
1.7354 
0.7352 
0.9488 
1.2570 
3.3936 
1.9925 
1.2967 


(COs). 
0.3553 
1.0480 
1.1711 
0.3832 
0.5063 
0.6839 
1.1076 
0.2755 
0.3986 
0.5752 
1.0000 
0.4236 
0.5467 
0.7243 
1.9554 
1.1481 
0.7471 


Compound Formula 
Aluminum Hydrate Al,(OH). 
Barium Oxide BaO 
Barium Hydrate Ba(OH), 
Calcium Oxide CaO 
Calcium Hydrate Ca(OH), 
Calcium Carbonate . CaCO, 
Calcium BiCarbonate CaH,(CO,), 
Magnesium Oxide 
Magnesium Hydrate 
Magnesium Carbonate 
Magnesium BiCarbonate .. 
Sodium Oxide 
Sodium Hydrate 
Sodium Carbonate 
Sodium Carbonate, Hydrated 
Sodium BiCarbonate 
Tri-Sodium Phosphate 
Tri-Sodium Phosphate, 

Hydrated 


MeH,(CO,) ’ 
Na,O 
NaOH 
Na,CO, 
NaCoO,,10H,0 
NaHCO, 
NaPO, 


. Na,PO.12H,0 3.0069 1.7820 0.8857 1.5078 2.3181 1.0000 


* Prepared by the late C. Arthur Brown, of Lorain, Ohio. 
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Limits for Toxic Wastes in Sewage Treatment’ 


by STUART E. COBURN 


Late Chief Chemist, Metcalf and Eddy, Cons. Engrs., Boston, Moss 


N examination of the recent literature 
reveals a large number of articles 
describing the objectionable effects of vari- 
ous industrial wastes on sewage treatment 
The factual evidence from these reports 
shows that these wastes have caused vari- 
ous troubles, from “excessive foaming” or 
‘retarded digestion of sludge” to a com- 
plete breakdown of treatment plant facil 
ities 
It is apparent that the deleterious effects 
of any industr’al waste vary inversely with 
the dilution afforded by the sewage. Thus, 
the wastes from a certain industry in a 
small community might disrupt the treat- 
ment plant, whereas its effect in the sewage 
of a large city would be inconsequential. 


Effects of Toxic Wastes 


The objectionable effects of an industrial 
waste may be due to one or more of its 
various constituents. As an illustration, in 
the manufacture of mouton fur the follow- 
ing substances may cause trouble in treat 
ment : 

1. Grease and excess alkali from the 
scouring of the skins clog the sewers and 
retard biological treatment 

2. Heavy suspended solids both from the 
washing and the tanning overload primary 
treatment 

3. Toxic chromium 
tan prevents digestion of sludge 

4. Large quantities of organic material 
having an excessively high oxygen demand 
overload oxidation processes 

Other wastes have their own character 
istic effects. Tanneries, breweries, canner- 
ies, slaughter houses, textiles, rubber, metal 
lurgical wastes, and numerous others, have 
different effects on sewage treatment 

Chromium salts, usually reported in the 
form of metallic chromium, have different 
effects on different units of a sewage treat 
ment plant. The chromium is in the trivalent 
form in spent chrome alum in the wastes 
discharged from a tannery using a mineral 
tan. Chromium in this form will precipitate 
almost quantitatively in an alkaline solution 
such as sewage, and will be removed as 
sludge to digestion tanks, where digestion 
will be retarded or practically stopped. If 
secondary treatment is used there will prob 
ably be very little trouble biologically. On 
the other hand, if the chromium compounds 
are discharged from a plating establish 
ment or from anodyzing of aluminum, the 
chromium is chiefly in the hexavalent form 
Chromium cannot be precipitated under 
ordinary conditions in this form. Therefore, 
the effect on sludge digestion is very much 
less. However, in the hexavalent form the 
chromium is much more toxic, and when 
present in sufficient quantities will kill the 
organisms in filters or in activated sludge 
The tolerance concentration is contro- 
versial. It has been reported to the writer 
that quantities up to 25 p.p.m. can be han- 


from the mineral 


*Reprinted from Sew. Whs 


522 by permission 


Jour., Vol. 21, p 


died continuously. Edwards found that 
shock loads of about 40 p.p.m. slowed up 
nitrification and caused deterioration in the 
appearance of activated siudge effluent. In 
formation is still lacking as to the quantity 
of chromium which is permissible in sewage 
under the following variable conditions: 

1. Type of chromium, trivalent or hex 
avalent 

2. Type of sewage treatment, such as 
primary and secondary. 

3. Continuous flow versus 
over a period of a few hours 


shock loads 

Copper is a toxic substance easier to 
evaluate. As reported by Mohlman an ex 
cess of 1 p.p.m. has caused trouble 

Acid-iron wastes have caused trouble 
at Worcester, Fostoria, and in many other 
places 

Daily, weekly or monthly analyses have 
usually been reported. The question arises 
as to whether or not the trouble was caused 
by intermittent discharges of pickling 
liquors high in iron or acid content, or by 
a continuous discharge of wastes containing 
much smaller quantities of iron and acid 
Zine has been reported as detrimental to 
sludge digestion at Fostoria, Ohio 

Cyanides of 5 p.p.m. discharged continu 
ously have an inhibiting effect on activated 
sludge treatment. Doses of 20 p.p.m. are 
reported as having an immediate effect on 
activated sludge, but after removal of the 
cyanide, the sludge recovers. Siebert re 
ports that as low as 1 p.p.m. is toxic to 
biological activities. On the other hand, 
filtration of much higher concentrations of 
cyanide, through sand or coke breeze, has 
been suggested as a method of treatment. 

From another point of view cyanides 
should not be permitted in sewage because 
of the slight possibility of acid wastes be 
ing present at the same time and therefore 
possible liberation of hydrocyanic acid 

Brewery wastes have interfered with sew 
age treatment at Jeanette, Pennsylvania. It 
was found during a recent investigation that 
the B.O.D. population-equivalent of the 
waste from a single brewery was greater 
than the population of the entire city. 

Rubber wastes at Akron so overloaded 
the primary treatment units that the sewage 
plant reached its designed capacity long 
before the estimated time. 

Substances such as acids, alkalies, silt, 
plastics, and grease, which cause localized 
troubles in a sewer, may also cause serious 
results at the sewage treatment plant. 

Soluble cutting oils, while affecting 
treatment to some degree, are objectionable 
in that they pass through tanks unchanged 
and cause marked objectionable effect on 
the appearance of the receiving stream 


Control of Toxic Wastes 


The writer takes the view that industrial 
wastes should be admitted to municipal 
sewer systems to the extent that they do not 
cause breakdown of the collection or treat- 
ment facilities either physically or biolog- 
ically, or so overload the various units that 


TABLE I 
Concentration Limits for Toxic and Deleteri. 


ous Wastes in Composite Sewage of Treat- 
ment Plant Influent* 


Primary Treatment Sec 
ondary 
Treat 
ment 


Sludge 
Digestion 


Names of Items No Sludge 


Digestion 


- index 5.0 é 


otal iron (p.p.m.) | 5.0 5.0 
Copper (p.p.m.) ! 
Chromium (p.p.m.) 5 
Cyanide (p.p.m.) 2.0 


Should be excluded by mu 


mineral 
nicipal ordinances 


Oils 

Removed to maximum prac 
ticable extent before dis 
charge 


Onls —soluble 


Should be excluded by mu 

mbustibles, etc 
nicipal ordinance 

neutralized 


Should he 


Free mineral aci 
ds | source 


| 
Acetylene genera Should be excluded by 
tion tele nicipal ordinance 
Collection and 
Industrial 
Authority 


Proposed 
Sewage and 
Sanitary 


*Page 22, “Report 
Treatment of Municipal 
Wastes,” Allegheny County 
(January, 1948) 


the effluent is impaired to an objectionable 
degree. In other words, the presence of in 
dustrial wastes may cause temporary over- 
loading and accompanying operational vex 
ations, but pollution abatement is nearer 
being solved and the public better served 
by treatment of all wastes possible with 
the sewage in one plant, under the super 
vision of competent operators 


Whenever the proportion of wastes be 
comes so great that the sewage treatment 
plant becomes a wastes treatment plant, it is 
necessary for industry either to remove its 
wastes or to pretreat them to an acceptable 
degree. New sewage treatment plants may 
be designed to handle the industrial wastes 
of the municipality if their character and 
quantity can be predicted. 


It is difficult but necessary that certain 
limitations be placed on the quantity of ob 
jectionable or toxic substances that may be 
present in sewage as received at the treat 
ment plant. Such limits have been proposed 
by the Allegheny County Sanitary Author 
ity. Table I has been taken from the 
Authority's recent report “Proposed Collec- 
tion and Treatment of Municipal Sewage 
and Industrial Wastes.” 


It is the writer's opinion that if these 
concentration limits are met there will be 
no difficulty in treatment by the usual sew 
age treatment processes. In fact, it is prob 
able that these limits can be exceeded mani 
fold for short periods without any harmful 
effect 


A committee is needed to establish maxi 
mum limits of objectionable constituents 
of industrial wastes that are proposed to be 
treated with municipal sewage 
1955 
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Use of Inhibitors in Cleaning Metallic Pipe 


by ALLEN ABRAMS* and C. L. WAGNER* 
Rothschild, Wis 


ATER pipes in certain sections of the country are likely to 

become clogged by corrosion or deposits from the water. In 
many cases this has reqired replacement of the pipes, a procedure 
which is often costly due to the necessity of tearing out walls 
and floors. As a result there have been attempts to clean pipes 
by the use of muriatic or other acids with the intent to leave 
the acid in just long enough to remove the scale and yet not 
long enough to attack the pipe itself. This, however, is a ques- 
tionable expedient and may be more expensive than the replace- 
ment of the pipes. 

During the last decade considerable interest has been shown 
in the use of inhibitors in pipe cleaning operations involving 
acid treatment. These are usually nitrogenous materials such 
as aniline or pyridine; and, even glue and flour have been used 
When small quantities of such substances are added to an acid 
solution the resultant mixture will attack rust or scale but will 
have practically no effect on the pure metal itself. Wide use 
has therefore been made of this principle in the acid process of 
“pickling” metals to effectively remove scale while rendering 
the loss of metal underneath almost negligible. 

An example is also given of the use of this principle in clean- 
ing the pipes of a thirty-five story office building located in down- 
town New York.** 

Many of the pipes were concealed behind expensive marble 
walls and it was estimated that it would cost between $100,000 
and $300,000 to replace this piping, not to mention the serious 
inconvenience to tenants. By the use of an acid-inhibitor com- 
bination the whole cleaning operation was carried out on Saturday 
afternoon without inconvenience to the tenants. The pipes were 
returned to practically their normal condition of carrying ca- 
pacities and the cost of the operation was but nominal. 

This method attracted our attention in 1927 and we made 
initial tests to determine how effectively inhibitors would reduce 
the action of acid on the metal. In parallel tests on galvanized 
iron pipes 16 per cent muriatic acid was used alone, to com- 
pare with the same acid containing 3 per cent of an inhibitor. 
Equal lengths of pipe were allowed to stand in each solution 
for six hours. At the end of that time the pipe in muriatic acid 
had lost 50 per cent of its weight while that in the inhibited 
acid had lost but 0.2 per cent of its weight. We were then 
satisfied that the inhibitors would effectively prevent destruction 
of the pipes by such acid when submerged for a relatively short 


period. 


Working Demonstrations 


Not long afterwards two lengths of pipe, leading from the 
basement of our main office to the second floor became filled 
with rust and other deposit, completely stopping the passage 
of steam. It would have been relatively expensive to replace 
this piping and we therefore opened the two lengths at the top 
and cleaned them by pouring in inhibited acid, allowing it to 
work its way through. One overnight treatment, followed by 
a thorough flushing was sufficient to clean these pipes and no 
further trouble was encountered. 

Early this year the Marathon County Board decided that it 
would be necessary to tear out and replace all the water piping 


in the Mount View Sanatorium due to the fact that it was su 
stopped up that it was impossible to get an adequate water 
supply through the system. When the matter was brought to 
our attention we suggested that an attempt be made to clean 
several lengths of this pipe and a decision could then be made 
as to the further course to be pursued. : 

Twenty-five gallons of 14 per cent muriatic acid were treated 
with 3 per cent, by volume, of the inhibitor.*** The treated acid 
was placed in a barrel to which was connected the suction of 
a small rotary pump. The acid was then forced upward from 
the basement to the second floor through a length of one-inch 

ipe, thence through a cross-over and down through another 
a of pipe to the basement. The returning acid passed 
through a fine screen to remove any dislodged particles and 
thence to the solution barrel. 

At the beginning of the test a considerable amount of solid 
material was dislodged from the pipes and it was almost im- 
possible to force the acid through. The pipes were then opened 
on the second floor, the acid mixture was poured in and al- 
lowed to flow by gravity until the pipes were filled. The bot- 
tom openings were plugged, the acid allowed to stand for eight 
hours and the acid withdrawn and the pipes thoroughly flushed. 
Examination indicated that the scale had been practically com- 
pletely removed. 


Control Procedure 

In order to determine how effectively the cleaning was bei 
done, three 6-inch lengths were cut from a l-inch pipe, whic 
was so clogged with rust and dirt that it was barely possible 
to get a pencil into the opening. One of these pipes was re- 
tained without treatment and the other two were connected in 
the circuit through which the acid was being pumped. At the 
end of about two hours one length of pipe was removed and 
found to be almost completely clean except for small patches 
of rust on the walls. After ten hours the other length of pipe 
removed for examination proved to be entirely free of rust and 
scale and there was no apparent action on the metal itself. 

In the cleaning operation approximately 2,800 feet of pipe were 
treated, ranging from % inch to 4 inches in diameter. Estimates 
by George Baumgardt, who was in charge of the plumbing work, 
showed that the total labor costs were $870, while the cost of 
acid and inhibitor was approximately $20—a total of $890. Mr. 
Baumgardt estimated that the cost of replacing the piping would 
have been: 

Galvanized pipe fittings and valves 

Labor for installation 


*Department of Research and Development, Marathon Pa 
Mills Co., for which the senior author is Technical Director. r. 
Wagner is chemist. 

**“Removing Rust from a System with Piping Acid,” F. N. 
Speller, BE. L. Chappell and R. P. Russell—Chem. and Met. Engl- 
neering, July, 1927. 


***Inhibitors are available, from several of the equ chemical 
companies—Barrett & Co., Monsanto Chemical 0., General 
Chemical Co., et al. 





Effect of Altitude on Pumps 


When a pump is operated at elevations above sea level, the 
lower atmospheric pressures encountered have a double effect on 
the pump performance 

1. The lower atmospheric pressure cannot support as high a 
column of water so that the maximum practical suction lift 
decreases. 

2. The lower atmospheric pressure reduces the horsepower 
output of the gas engine, thus causing it to lose speed which 
results in a loss of capacity and discharge head of the pump. 

At elevations above sea level, the suction lift on the pump 
should be reduced accordingly to insure that the same amount of 
water can get into the pump as would get in at the equivalent sea 
level lift. The following table gives equivalent suction lifts for 
various elevations 


Altitudes 
Sea level 1 
2,000 ft. . , 1 
4,000 ft. . 11,7 
6,000 ft. . 10.4 , 
8,000 ft. 5 9.3 12.4 
10,000 ft. .. - : 8.6 11.4 
When a gas engine driven pump is operated at elevations of 
4,000 ft. or over, the engine should be equi with a high 
altitude head. However, even with a special cylinder head, there 
is still a power loss of approximately 3 per cent for every 1,000 
ft. of elevation. This will result in a loss of speed, and a loss 
of pump performance. The following table gives the loss in per- 
formance that can be expected at various elevations. 
Percentage Percentage 
of Sea Level of Sea Level 
Discharge Head 


Suctien Lifts in 
) 15 26 


Altitude 


Sea level . 
2,000 ft. 
4,000 ft. 
6,000 ft. 
8,000 ft 
10,000 ft 
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“All Purpose” Pipe Chart 


By W. F. SCHAPHORST, M.E. 
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of the water 


column A r the word 


‘exact’ and from its point of intersection 
a straight line through 2 ft. per 
as shown by the slanted 
lime This straight intersects 
column B. From the point of intersection 
in column B run a straight line over to the 
identical n column G, also as shown 

the dotted line. The intersection of this 
perfectly horizontal line from column B to 
answers simultaneously in 
and G. It shows 
D, 2.6 cu. ft. per 
Column 
amounts 
tells 
that 


rut the 
sec. in column ( 


dotted line 


point 


column G gives 
the lumns D, E, 
that according to columr 
min. as flowing through the 

E shows that volume of Ww 
to 19.5 gal min. And column F 
us that if it is water, the weight of 
is about 165 Ib. per 


three cx 


m1 
he 
per 
water mit 
It is evident now, on studying the chart, 
that if the )-in, standard pipe 


pipe vere ad 
instead of hori 


heing exactly 2 wu the 
zontal line from column B t column G 
slightly lower and the three 

would 


columns D 
| er hand, it 


wreaier (on the 

that 11 a 2-in. ex heavy pipe 
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ontal line from col to G would 

lightly abe ts shown position 

quantities olumns D, E, 

ild therefore be slightly less 


woul iM 


quantities in 


be slightly 
is evident 
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user 
hori 

raised 
three 


and the 


Working the Scales Backwards 


any quantity in columns D, 
known and it is desired to 
velocity per second of flow 
through the pipe, this same chart can be 
used with equal ease. First run the hori- 
zontal line through the known point in D, 
E, or F, and then through the located point 
column B run a straight line from the 
known pipe diameter and the intersection 
with column C immediately gives the ve 
locity of the liquid in feet per second 


Inversely, if 
FEF, and F is 
determine the 


Or if you wish to select a pipe size, 
knowing atry one of the quantities in D, E, 


> 


or F, and having decided upon the velocity 
of flow, it is perfectly evident what to do 





Use as a Conversion Chart 
it will be ol serve d 
conveniently em- 


At the same time 
that this chart can be 
ployed as a conversion chart. For exam- 
ple, how many gallons in 2.6 cu. ft.? The 
dotted horizontal line already drawn shows 
that the answer is about 19.5 gal., which 
is also equivalent to about 165 lb. of water 
At the same time this chart gives a visual 
demonstration of the relationship between 
pipe sizes—standard, exact, and extra 
heavy. By using this chart one can quickly 
“read off” the internal diameter of a stand- 
ard or extra heavy pipe. 
eat enough 
one 
sizes 


The range of this chart is a 
to take care of almost any problem 
may encounter. The standard 
range from % in. to 15 in 


ities from 0.3 to 30 ft. per 

the liquid is other than 
water, multiply the weight of water by the 
density or specific gravity of the liquid 
and you then have the weight of the de- 
sired liquid. Thus, for example, if it is 
an oil having a specific grav 0.9 we 
would have in the above prdéblem 1 0.9 
= 148.8 pounds of oil 


In the event that 


t, ‘ 


Formulas 


And finally, should one prefer to use 
formulas rather than this chart, either for 
solving the problem directly or for check- 
ing the results taken from the chart, here 
are the formulas on which the chart is 
based: 


Q = 2.45 d* V 

= gallons per minute ; 

== internal diameter of pipe, 
inches ; 

velocity of liquid, feet per 
second. 
Cu, ft. per min 
Lb. water per min 


where Q 


V= 


0.327 d* V 
204d4° V 
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Flow and Depth in Channels or Conduits, 


Circular and Trapezoidal 


Circular Conduits 


fic |, “Flow in Circular Channels,” in- 
troduces an extremely useful solution of 
Manning's Formula in terms of Q, n, §, 
diameter and depth 

The designer may enter this chart with 
any of these variables and study the prob 
lem. It is no longer necessary to compute 
the full capacity first, as is currently the 
practice, and later the proportional 
chart or tables to compute fractional flows 

The simplicity of the nomograph is due 
to the calculation by the writer of a factor 
the Circular Depth 


use 


which will be called 
Factor. The equation shown on the chart 
was obtained by substituting the elements 
in Manning’s Formula 
eliminating the terms 
area and hydraulic radius. Calculation of 
the numerical value of the last term of 
the equation (in brackets), the Circular 
Depth Factor for definite ratios of h/D 
from 0.10 to 1,00 produced a table of 
values which were graduated on the scale 
(4), the of each being indicated 
by its h 


ectior 
arm ally 


f a circulars 
mathemat 


posit n 
LD) ratio 
hydraulics will recognize the 
of the upper range of this h/D 
back on itself. The 
practical and was 
complete the scale. It 
graphically that the prac 
at 0.80 and 


Students ol 
significance 
which folds 
090 has no 


5¢ ale 
value use 
included purely to 
flow is 
1.00 


shows 


tically the same 


Some Uses for the Nomograph 


To extend the range of n, a scale of n 
values was placed near the bottom of the 
0.013 being placed opposite 1 cfs. 
It takes only a few moments to copy one 
of the Q scale on the edge of a sheet 
This may then be placed on any 
moved up or down in accord- 
the directions shown on the 


\) 5 ale, 


ycle 
of paper 

and 
with 


cycle 
ance 
chart 

As the 


, 
variables 


exceptionally large range of the 
includes most of the field of cir 
cular channels, only a few of the important 
uses for the nomograph will be noted. 

The free-board in semi-circular flumes 
can be determined for any capacity within 
the size of the flume 

Prefiling of hydraulic gradients is 
greatly facilitated 

Storage capacities above given flows can 
be quickly determined 


Discharge, Area and Velocity in 
Partially Filled Circular Conduits 


Area and Velocity 

in Partially Filled Circular Sections”, 

the two formulas, Q=AV and 
\ being common to both. 


Fig Z Lise harge, 
solves 
\=-xD* 
Velocity for problems in which Fig l 
is used can be quickly determined by using 
the same values of Q, D and h/D. A 
scale for Velocity Head is placed on one 
side of the velocity scale (5). In this 
case it is mot necessary to note the area, 
-1955 
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but merely use that line (3) as the pivot 
line. 

The formula Q=AV can be used for 
sections that are not circular in shape— 
square or trapezoidal for instance. 

The formula A=xD* may be also used 
to find the volume of horizontal circular 
cylinders for various depths 

Separately, the two charts offer com 
pletely independent equations, but, together, 
they solve Manning’s Formula for all the 
fundamental variables encountered in cir- 
cular sections. These are (Q, n, s, D, h/D, 


A, V) and Velocity Head 


Solution of a Typical Problem 


The solution of a typical problem is car- 
ried through both charts. To find the 
depth of flow and velocity when n=0.013, 
QO=30 cfs, D=60 inches and s=1.6 ft. per 
1,000 (0.16 per cent). 

On Fig. 1, find h/D to be 0.372. Then 
depth of flow (L) 0.372 x 60=22.3 inches. 

On Fig. 2, using the same Q, D and 
h/D=0.372, find the velocity to be 4.5 feet 
per second. 


Trapezoidal Channels 
solving flow problems in 


In Fig. 3, two very 
On the 


Fig. 3 is for 
trapezoidal channe!s, 
useful charts have been combined 
left is the nomographic solution of the 
equation obtained from Manning's For- 
mula. On the right is the logarithmic 
chart of d/b ratios for eight different 
shapes of channel, varying from vertical 
sides to a 4:1 slope. The two charts have 
a common line, the Base Line, which is 
graduated for values of the d/b ratio of 
vertical sides or rectangular sections. 

Two straight lines intersecting at the 
Pivot Line complete the nomographic solu 
tion. The point on the Base Line thus ob- 
tained is then transferred horizontally to 
that scale of d/b ratios for the desired 
slope 


Sample Problem Solved 


A sample solution is indicated on the 
chart. Here 36 cfs. is connected with 0.1 
ft. per 1000 ft. and 7 ft. bottom width (b) 
with a point on the Base Line. 

Notice that the graduation on the Base 
Line reads 0.76. The depth of flow (d), 
then, for a rectangular section 7 ft. wide 
would be 0.76x 7.0 or 5.32 ft. deep. Now 
follow the dotted line over to the scale 
headed 1:1 and find there the value of d/b 
to be 0.5 or d equal to 3.5 ft. for a channel 
with side slopes of 1:1. 

[he d/b ratio for any other side slope 
can be as easily determined, or if the depth 
ratio in one given shape of channel is 
known, the depth ratio for any other given 
shape can be found immediately. The bot- 
tom width and the flow do not change un- 


less the point on the Base Line is moved 
vertically. All values must be moved back 
and forth to the Base Line horizontally. 
The curved lines connect the major 
divisions of the various scales and are 
used solely to assist the eye in finding the 
divisions 


Construction of the Graph 


Inasmuch as 0.025 is a common value of 
n used with earth channels, it was used for 
the construction of the nomograph. Other 
values of n may be used by shifting the Q 
scale up or down until the desired value of 
n is opposite 1.0 cfs. A convenient method 
of accomplishing this is to copy a cycle or 
two of the Q scale, in the ranges of your 
problem, on the edge of a sheet of paper 
and mark the position of 1.0 cfs. Then by 
placing the 1.0 cfs. mark against the de- 
sired value of n, the Q scale has been 
shifted and the copied scale will give the 
values of Q for the new value of n 

The sample equation solved on the 
nomograph was obtained from Manning's 
Formula in the following manner. Q/A 
was substituted for V and then A/p for 
r (p being the wetted perimeter). Then A 
and p were expressed in dimensional 
terms, namely: b, the bottom width; d/b, 
the ratio of the depth of flow to the bot- 
tom width; and the angle # formed by the 
side slope and the horizontal. By trans- 
posing and combining like terms the equa- 
tion was formed as shown on the chart. 

The last term in the equation, in paren- 
theses, is the factor used in constructing 
the scales for the side slopes. The numer- 
ical values of the factor were used to locate 
the position of the graduations of the ratio 
d/b but only the d/b ratios are given in the 
chart. 


Comments 


All the primary dimensional variables 
which are needed for a solution are con- 
tained in the chart. Any one, two, or more 
of them may not be known and often only 
Q is known and others must be assumed 
to arrive at a satisfactory answer. It mat- 
ters but little which are the given values. 
Other values may be immediately assumed 
and the answer obtained in but a moment. 

All other variables, as velocity, area of 
section, hydraulic radius, etc., can be cal- 
culated, if necessary or desired, for all the 
physical dimensions are known. 

Most of the ordinary problems can be 
solved with the chart inasmuch as the 
ranges of the variables include a 1 ft. 
wide rectangular channel flowing but a 
few inches deep to a 20 ft. wide channel 
flowing 40 ft. deep. 

The problems involved are those where 
uniform flow conditions will be satisfied. 
For conditions where other than uniform 
flow is encountered, other methods of an- 
alysis must be used. 
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FLOW OF WATER IN CONCRETE PIPE LINES 


Pipe lines flow full Manning's n = .013 
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Example: A 24-in. concrete pipe flowing full discharges 8.0 cu.ft. 
per sec. Find the friction slope for Manning’s »=.013, and the 
average velocity. . .. Draw a straight line through Q=8.0 cu.ft. 
per sec. and D= 24 in. This line intersects the other two scales at 
S=0.0013 and V = 2.55 ft. per sec. 











4 chart constructed by Dr. F. T, Mavis, head Dept. of Civil Engineering, Penna. State College and appearing with 
the chapter “Flow of Water In Pipe Lines” by Professor J. E. Christiansen, University of California, written for 
“Concrete Pipe Lines,” published by the American Concrete Pipe Association, 1942. 
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Friction of Water Pipes 


The pipe frictions shown in the following tables are taken by permission from the more complete copyright tables by Williams 
ind Hazen, published by John Wiley & Sons, and these values are recommended for use in figuring pipe frictions 


Lots of Head in Feet Due to Friction, per 100 feet of 15 year old Ordinary Iron Pipe 
1',” Pipe 115” Pipe | 2” Pipe 
Us 
Gel's per Min 
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Calculation of Areas. Volumes, Surfaces 


Reduced to Simple ‘Terms 


in d 


volume of 


Mensurati is arithmetic applied 
the lengt lines, > area of surtaces, and the 


or bodies 


t geometry etermining 


solids 


terms, figures and principles. A 
point (.) has position only. A line (———-) has length only 
Area has length and breadth. A solid has length, breadth and 
thickness. Parallel means extended in the same direction, and 
equidistant at all points. Horizontal means parallel with water 
level; vertical or perpendicular, parallel with plumb line; diag- 
onal, obliquely across a polygon. (Fig. 4.) Equilateral means, 
having equal sides. Quadrilateral, having four sides. An angle 
(Fig. 1) is formed by two straight lines diverging from a com- 
mont point called the vertex. A right angle (Fig. 2) is formed 
by two straight lines meeting perpendicularly. An oblique angle 
is either (acute—Fig. 1) smaller, or (obtuse—Fig. 3) greater 
than a right angle 


Definitions of geometrical 


ee ; 
“4 o* 
ro) 
‘ 
' 


Pig. 2. 


ot: qa aS 
% a, 








Fig. L. Pig. 3. Pig. 4. Rectangle. Paralie) Lines. 


A plane or plane figure has area or surface only-—perfectly 


even 
A polygon is a plane figure having three or more equal sides 
A triangle is a plane figure bounded by three straight lines 


An equilateral triangle (Fig. 6) has all of its (3) sides equal 
An isosceles triangle (Fig. 7) has two of its sides equal. A 
scalene triangle (Fig. 5) has none of its sides equal. The base 
is the side on which a geometrical figure is supposed to stand 
The least distance between the base and the opposite angle dotted 
line (Fig. 7) or between parallel lines (Fig. 8) is called the 
perpendicular or altitude 


Rule—Multiply base by the 
Or, when the three sides 


To find the area of a triangle. 
altitude and take half of the product 
are given. From 
half of the sum of 
the three sides, 
subtract each side ' 
separately; then i 
multiply the half ' 
sum and the three Pig. 5. 
remainders to 
gether and extract the square root 
base 8 ft., altitude 9 ft 

Answer—(8 X 9) + 2= 36 

A parallelogram is a plane figure, bounded by four Straight 
lines, whose opposite sides are equal, as a rectangle, a square, and 
a rhomboid 





Fig. 6. 


Find sq. ft. in a triangle, 


8 an 
| 


A rectangle is a right angled parallelogram. A square 
equilateral rectangle. A rhomboid is an oblique angled para 
lelogram 
Multiply the length 


To find the area of a parallelogram. Rule 


by the width 





ana = +o dewecescesoree- 


Fig. 6. Kbombeid. 





Trapezoid Trapezium. 


How many sq. ft. in a rectangle 17 by 24 
Answer—17 X 24= 408 sq. ft 
In-a (square) floor 10 by 10? 
10 X 10= 100 sq. ft 


Answer 


Note—Dividing the area of a rectangle by one side gives the 
other side—if unknown. 

A trapesoid 
To find its area 


is a quadrilateral having two of its sides parallel 
Rule— Multiply its average length by the width 
How many sq. yd. in a garden whose parallel sides are 60 and 
80 yd., and width 52 yd.? 
Answer— (60 + 80 + 2)=70; then, 70 X 52 = 3,640 sq. yd. 


A trapezoid is a quadrilateral having two of its sides parallel 


To find its area. Rule—Form two triangles by a diagonal line, 
then multiply diagonal by sum of perpendiculars and take half 
of product 

Find sq. rods in field shaped like a trapezium, whose diagonal! 
is 90 rods, and perpendiculars (25 and 40) 65 rd 


90 X 65 = 5850 + 2= 2925 rd. 

A rightangled triangle has one right angle. Its longest side 
is called hypotenuse, and the other two, base and perpendicular 
or altitude. To find its area. Rule 
Multiply the base by the perpendicular 
and take half of the product. 

: How many square rods in a triangular 

field whose base is 70 rods and the per- 

pendicular, 48 rods? 

(70 X 48) + 2 = 1680 


Answer 


Answer 
rods 


square 


Properties of the rightangled triangle. 
The square of the hypotenuse equals the 
sum of the squares of the base and the per 
pendicular. From this principle — illus- 
trated by Fig. 10—we derive the following 
rules. 


























To find the hypotenuse. Rule—Add the ae 
square of the base and the square of the a. 
perpendicular, and of the sum extract 
quare root. 























Pig. 10. 


A and B start from the same point, A going 4| = 16 
miles due west and B, 3 miles due north; how{ ?= 9 
far apart are they then? . wo 


5 miles 


The square of 4 (base)=16; of 3 (perpendicular)=9; the 
square root of their sum (25)==5, the hypotenuse 

To find the base or perpendicular. Rule—From the square of 
the hypotenuse, subtract the square of the other given side, and 
of their difference extract the square root 
Find the perpendicular of a triangular field { 75° 

whose hypotenuse is 75 rods, base 60 rods./ 60° 


Answer—45 rods V 2025 = 45 


Note—To find the difference between the squares of two num- 
bers, simply multiply their sum by their difference 


Answer 


= 5625 
3600 


lo find the side of a square equal in area to any given quan 
tity. Rule—Extract the square root of the given quantity 


Thus, the dimensions of a square field containing 4000 square 
rods must be ( V4000=63.246) 63% rods, nearly. Proof 
63'4° = 4000 + 

To find the diagonal of a square. Rule—Multiply one side of 


the square by 10. diminish the product by 1% of itself and divide 
remainder by 7 


What is the diagonal of a field 35 rods 35 10 
square? 1% of 

This is a simple way of finding the hypote 
nuse of a triangle whose base and perpen 
diculars are equal 


350 
350 = 3.5 


7) 346.5 
Ans. (rd.) 495 


The Circle 


A circle is a plane figure bounded by a curved line, (1, 1, 1, 1) 
called circumference, every point of which is equally distant from 
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The diameter is a straight line (2, 2) across a circle, 
The radius is a straight line (3) from the 
center to the circumference. An arc is any 
part of the circumference (5, 5). A chord, 
a straight line (4) joining ends of an arc 
A tangent (6) touches circum. without cut- 
ting it. A segment is space (C) evclosed by 
arc and chord. A sector, space (B) enclosed 


the center 
through its center 





by two radii and ar« A quadrant (A) is 
90° or the fourth part of circle. A circle is 
divided imto 0” ; from X to Y is 45°; from 
X to Z, W A sextant is one-sixth of a 
circle 

lo find the circumference of a circle, the 
diameter being given. Rule—Multiply the diameter by 3 1/7; 
tor greater accuracy, by 3.1416. 


Elements of the Circle. 


circumference of bicycle wheel; diam. 28 in. 


28 * 31/7 = 88 in. 
lo find the diameter of a circle, the circumference being given 
Rule—Divide the circumference by 31/7, or multiply it by 3183 
Circumference of a tree 144% in., 
Answer—144.5 * 3183 = 46 in 


lo find the area of a circle. Rule—Multiply the square of the 
diameter by .7854; or the square of the radius by 3.1416; or 
the square of the circumference by .07958. 


Find the area of a piston 20 in. in diam. 
20° * 7854 = 314.16 sq. in 

Over how many sq. ft. can a cow graze, staked to a rope 50 
ft. long? Here, 50 feet is the radius 

Answer—50" * 3.1416 = 7854 sq. ft. 


To find the radius of a circle, the area being given. Rule 
Multiply the area by .3183 and extract the square root of the 


product 


Answer 


find diam. 


Answet 


Find length of halter, tied to stake, that will enable horse to 
graze on | acre 

Answer—Square feet in acre, 43560 X 3183 = 13865; 
V 13865 117% ft. long 

Note—The circumference of a circle is 3.1416 times greater 
than the diameter. The number 3.1416 (called Pi) ; its reciprocal, 
3183; its 4th part .7854, its 6th part .5236, and others, should be 
committed to memory as they are indispensable factors in com- 


puting the areas and volumes of circular figures and bodies. 

To find the area of a sector of a circle. Rule—Take such a 
part of the circle as the degrees in the given arc, are part of 
360. Thus, a sector whose arc is 40°, contains 40/360 or 1/9 of 
the area of the circle 

To find the side of the greatens square that can be inscribed 

Rule—Multiply the diameter of 
or the circumference by .225 
how large a sill 


in a given circle 
the circle by .707; 
The diameter of a log is 24 inches; 
can be cut from it? 
24 X .707 = 17 in. square, nearly 














To inscribe the greatest equilateral triangle. Rule 

Multiply the diameter of the circle by .886 
Side of greatest inscribed hexagon equals the radius of a circle 
To find the diameter of a circle that will inscribe a given 

square. Rule—Multiply the side of the desired square by 1.414 
What must be diam. of a log to cut a sill 12 in. sq.? 
Answer—12 1.41417 in. 


The area of the greatest square inscribed in a given circle is 
of the area of the least square circumscribed about the 
or the square of its diameter 


exactly % 
same circle 
To find the area between the two concentric circles 
Rule—Take the difference between the area of each 
circle. A simpler way is to multiply the sum of the 
two diameters by their difference, and the product by 
7854 
Find the area included between two concentric 
circles whose diameters are 30 and 50 inches. (80, sum; 20, dif.) 


Answer—-20 80 = 1600 X .7854 = 1256.64 sq. in 
To find the diameter of a circle whose area is equal to the 


area of a given square Rule Multiply one side of the given 
square by 1.1284 


To find the side of a counee whose area is equal to the area 
of a given circle. Rule ultiply the diameter of the given circle 
by BB4A2 

1955 
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To find the diameter of three greatest equal circles 
that can be inscribed in a given circle. Rule—Multiply 
the diameter of the given circle by .464. 

Find the diameters of the three greatest circles that 
can be inscribed in a circle 50 in. in diam. 

Answer—50X 464 = 23.2 in. 

An ellipse is a plane figure bounded by an oval curved 
line and has a long and a short diameter or axis 

To find its circumference. Rule—Multiply the 
sum of the two diameters by 3.1416, and take hal 
of the product. 

Find the circumference 
diameters are .41 and 29 ft 

(41 + 29)=70 X 3.14146+ 2=110 ft. 


Rule 


of an ellipse whose 
Ellipse 


nearly. 


To find the area of an ellipse. Multiply the product 
of the two diameters by .7 

How many square ft. are there in an elliptical platform whose 
diameters are 60 and 40 ft. 


60 X 40 = 2400 X .7854 = 1885 sq. ft. nearly 


Polygons 


QV 


Hezagon. Octagon. 














Triengie. Square 


To find the area of polygons, having equal sides and equal 
angles. Rule—Multiply the square of one of the equal sides— 
of a triangle, by .433; of a pentagon, by 1.7205; of hexagon, by 
2.5981; of octagon, by 4.8284. 

One side of an equilateral triangle is 30 
inches, and of an octagon, 10 in 

Find sq. in. in each. 

3? XK 433 = 389.7 in. T; 10° K 4824= 
482.84 in. O. Trie 





rio Punctt 





sine 


M, 
M, cosine 
» 4 
S 


P 
For the benefit of those who intend to] O 
study trigonometry and surveying, this| A 
illustration is inserted here. It will be an} B 
advantage and saving of time to be already | O 
familiar with the terms and the functions | O 
of the science when beginning its study.| M 


L BN. 


tangent. 

, cotangent 

T, secant. 

S. cosecant 

A, versed sine 
conversed sine 





Cubes, Cones, Pyramids, Spheres, 


A cube is a solid body, having six equal square 
sides. To find its area. Rule—Multiply area of one 
side by 6. To find its volume. Multiply the length, the 
breadth and the thickness together. 

Find sq. in. in surface of a 12 in. cube. 

Answer—12" X 6 = 864. 

How many cubic in. in a cubic foot? 

Answer—*12° = 1728. 

Find cu. ft. in a cu. mile 

Answer—5280° = 147197952000 

A parallelopiped is a solid body whose six 
faces are all rectangles. To find its area 
Rule—Add areas of its six sides. To find its 
volume. Same as the cube. How many cubic 
feet in a wagon bed 10% feet long. 3 ft. wide 
and 1% ft. deep? 


-10% X 3X 1% = 9K. 


A prism is a solid having three or more rectangular sides, whose 
ends or bases are parallel plane figures. To find its area. Rule— 
Add areas of the sides and ends. To find its volume. 
Multiply the area of one end by the length. 

Find the area of a triangular prism, each of whose j 
three sides are 10 by 25 inches. 4 

Answers—836.6 sq. in. f 

10° X 433 X 2 = 86.6 sq. in. in area of the two ends. } 

10 X 25 X 3 = 750 sq. in. area of sides. 860+ 
750 = 836.6. 

How many cubic inches in above prism, 10 by 25 Prism. 
inches? . 


Answer—I10’ X 433 = 433 « 25= 


Answer 


> 


1082% cu. in 





A globe or sphere is a solid body, bounded by a uniformly 
curved surface. To find its area. Rule—Multiply the square 
of diameter by 3.1416; or the square of the circum- 
ference by .3183. To find its volume. Multiply the 
cube of diameter by 5236. 

How many square in. in the surface; and how many 
cubic in. in the volume of a globe 12 in. in diameter? 

Answer—904.78 cu. in. 12° X 3.1416 = 452.39 sq. in. 
12° X 5236 = 904.78 cu. in. Glebe 

How many cubic miles in the earth, its diameter being nearly 
8000 miles? 


Answer—2000° X .5236 = 268083200000 cubic mi. 

Find greatest cube inscribed in a 26 in. globe. 

Answer—26 X 577 = 15 in. 

To find the dimensions of a cube, equivalent in volume to a 
given globe. Rule—Multiply the diameter of given globe by 806. 

To find the diameter of a globe, equivalent in volume to a 
given cube. Rule—Multiply one side of the cube by 1.2407. 

A cylinder is a round body of uniform diameter whose ends 
are parallel plane figures. To find its area. Rule—Multiply the 
circumference by the length and to the product add the 
areas of both ends. To find its volume. Multiply the 
area of one end by length. 

Find the area of a cylinder 30 inches in circumfer- 
ence and 40 inches long. 

Answer—1343.24 sq. in. 

30 X 40= 1200 sq. in. in convex surface. 

30° X 07958 X 2== 143.24 sq. in. in the two ends. 

Find cubic in. in a cylinder, diameter, 20 in., length Cylindate 
50 in. 

Answer—20° X .7854 X 50= 15708 cu. in. 

A cone is a solid, which has a circular base and tapers um 
formly to a point called vertex 


A pyramid is a solid, resembling a cone, hav- 
ing three or more triangular sides. 


= 
Ko) 


To find the area of a cone or pyramid. Rule— 
Multiply the circumference or perimeter of the 
base by the slant height, and to ha!f of the 
product, add the area of the base. 

Find the area or surface of a cone whose cir- 
cumference at base is 40 in., and slant height 
50 in. 


Answer—1127.33 sq. in. 


50 40 + 2= 1000 sq. in. in convex surface 

40° X .07958 = 127.33 in. base. 

To find the volume of a cone or pyramid. Rule—Multiply the 
area of the base by the height and take 4% of the product. 

How many cubic feet in a 6 sided pyramid, 10 ft. high, whose 
perimeter, at base is 15 ft. or each side 2% ft.? 

Answer—54.13 cu. ft 

2%" X 2.598 = 16.24, area of base. 10 X 1624+ 3= 54.13 

Find cu. in. in a cone whose height is 12% in., and diameter of 
base 10 in. 

Answer—10° X .7854 = 78.54 area of base. 78.54 X 
32.25 cu. in. 

The solid contents of the cone, globe, cylinder and 
the cube, all of equal dimensions, are in the ratio of 
ij <2 and 3.82 respectively. Thus, taking 1 foot as 
the height and the diameter; the cone contains 2618; 
the globe .5236, and the cylinder .7854 of a cubic foot. 
The cube equals | cu. ft. 


124+3=> 














The frustum of a cone or pyramid is the part which remains 
after cutting off the top. parallel to the plane of the base. To find 


the area of a frustum. Rule—Multiply the 


sum of circumferences, or perimeters, by the 
slant height, and to half of the product, 
add the area of each base. 
Find the area of a frustum of a cone, 
Frotum ‘'‘ 


whose slant height is 40 in., its greater cir- 
cumference, 30 in., and its smaller one, 10 in. 

Answer—879.58 sq. in. 

+ 10 X 40 +2 = 800, sides. 
area of bases. 

To find the volume of any frustum. Rule—Square both ends 
of one side, if angular, or the diameters of both ends or bases, 
if round. To the two squares add the product of the given ends 
or diameters; 4% of this sum will be the area of the average 
base of the frustum of a square pyramid, which multiplied by 
7854 equals area of average base of frustum of a cone; multi- 
plied by .433, of a three sided frustum, by 1.7205, of a five sided 
fr. by 2.5981, of a six sided frustum, by 4.8284, of an eight 
sided frustum. For volume: multiply average area by perpen- 
dicular height. 
Find the vol- 
ume or capac- 
ity of a round 
tank whose di- 
ameter is 15 

ft. at base, 12] 
ft. at top, and 

10 ft. deep. 
Ans.—14.37 cu. 
ft. 

Find sq. ft. of lumber in a wagon tongue; large end, 4% in 
sq., small end, 2% in., length, 9 ft. (108 in.). 

Answer—4% + 24° +(4% X 24%)+3=127/12 sq. in. area 
4 average base; 127/12 X 108= 1359 cu. in. + 144=97/16 sq 
t. 

How many cu. ft. in a straight log, whose diameter at large end 
is 3 ft., small end, 2 ft., length 12 {t? 

Answer—3* + 2" +(3 X 2) +3 X 7854 = 4.974 sq. ft., 
average base; 4.97+ * 12= 59.69 cu. ft. 

A spheroid or elongated globe has a fixed and a revolving axis 
To find its area. Rule—Multiply the revolving axis 


30’ + 10° X 07958 = 79.58, 


12%=144 
15*=225 
12 15 =180 


3)549(183, area of av. base of F. 


183 X .7854=143.73 sq. ft. area 
of av. base of Fr. of cone 


of sq 
pyr. 
143.73 X 101437.3 cu. ft.X7.48=10751 gallons 





area of 


by the fixed axis, and that product by 3.1416. To 
find its volume. Rule—Multiply the square of the 
revolving axis by the fixed axis and that product by 


5236. Find area, also the volume of spheroid; re- 
volving axis, 20 in., fixed, 30 in. 

20 X 30 X 3.1416 = 1884.96 sq. in. in area 

20° X 30 X 5236 = 6283.2 cu. in. in volume 

A cylindrical ring is formed by bending a cylinder 
To find its area. Rule—Multiply sum of inside 
diam. and thickness of ring, by thickness, and the 
product by 9.87. To find its volume. Rule— Multiply 
sum of inside diam. and thickness by square of 
thickness, and product by 2.467. 

Find the area, also the volume of a ring whose 
inner diameter is 15 inches, and whose thickness is Hing. 
5 inches 

(15 + 5) X 5 X 9.87 = 987 sq. in 
2.467 = 1233.5 cu. in vol 

To find the dimensions of greatest cube that can be inscribed 
rz given globe. Rule—Multiply the diameter of the globe by 


Bpberoid 


(15+ 5) 5° x 


in area. 





The above material has been drawn from “Ropp’s Cal- 
culator”—an extremely useful and inexpensive little booklet 
published by C. Ropp & Sons, of Chicago. 
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Contents of Rectangular Tanks 


Cubic Feet, Gallons, Pounds, and Tons of Water 


TH! S chart will be found useful for rectangular tank determi- 
nations. The dimensions of the tank, all in inches, are given 
in columns A, ( 
the number ol 


, and D. Then, as will be noted, you can find 
ubic feet in column E, the gallons in column F, 
the pounds of water in column G, and the tons of water in 
column H. As a typical example, let us say that the width of a 
given tank is 10 inches, the depth 5 inches, and the length 20 
How many pounds of water will the tank hold? 


incnes 


How to Use the Chart 


n column A and run a straight line over to the 
C and locate the intersection with column B. Then 
it point of intersection run over to the 20 in column D 


te the intersection with column C. It will be observed 


ontributed by W. F. Schaphorst, M.E., Newark, N. J 
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now that column C and J are exactly alike so that perfectly 
horizontal lines can be drawn between those two columns. In this 
instance the intersection in column C happens to be through the 
10, so simply run a straight line through the 10 in column C 
and the 10 in column J, as shown by the dotted line, and you 
have a perfectly horizontal line which gives all of the answers 
as follows 
Column E shows that the tank has a volume of nearly 
0.6 cu. It. 
Column F shows that the number of gallons is about 4.3 
Column G shows that if the tank contains water the 
weight will be about 37 pounds. 
Column H shows that the number of tons of water is 
approximately .0185. 
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Contents of Horizontal Cylinders 


A Multiple Use Chart for Vertical as Well as Horizontal 
Tanks, Pipe Lines, Etc 


by J. TARRANT 


Assoc. M. Inst. C.E., A.M.1. Mech. E. Ruislip (Middlesex), England 





TINHE alignment chart printed herewit! lo use the chart, a straightedge is placed units which correspond to the dimensional 
gives a convenient method of finding the ross the scales, and the intersections on units, and the scale of gallons will not apply 
ontents of cylindrical tanks placed wit! e three scales give the related values. For example, if the diameter is taken in 
the axis horizontal for all depths quid line A gives the ratio of depth of liquid to inches, the contents, read on the cubic feet 
in the tank the diameter of the tank; line B, the diame scale, will be in cubic inches per inch of 
It is usually the cas } on] fair ter ot the tank in feet ind lime ¢ the con length 
' t in cubic feet and gallons, for eacl The calculation of contents is clearly 
quired, and the calculation by exa: of length of the tanl the example based on the area of the segment of a circl 
is not very readily done hown by the line across tl art, a tank which is what the contents scale on line ( 
, — , feet in diameter im contents shows, and the calculation of segmental 
Formulas for horizontal : _— a 10 feet 6 inches deep, will contain ap areas in any dimensional units, May be 
contents are genet ally printed i a vroximately 1,000 gallons per foot of length. made by use of the chart so long as the 
one for use when the liquid ley lg Aesear g ty using the fixed value of h/d 1, the cubic feet scale is read, and units ascribed 
the centre and the other wher ' also gives contents per foot of height to this which correspond to the units used 
below the centre of the tanh f a cylinder with vertical axis, and also the for the diameter. When the diameter is is 
On the chart, the scak ntents of full pipes per foot of length fect, the area of the segment is in square 
lepth of liquid is continuou at is \ Sometimes the dimensions of a tank or feet; for meters, the area is in square 
ipe line will not be in feet, but the chart meters; for inches, in square inches, and 


approximation of the tank 


it appli s whether the liquid level he 


7 nia till he used The contents will he wv oo 


upper or lower hal the sect 





WEIGHTS AND MEASURES 


10 sq chains or 160 sq rods l acre 


1 ounce 36 sq. miles (6 miles square) 1 township 


1 pound Mariners’ Measure 


jewels 6.08 feet = 1 fathom 
120 fathoms 1 cable length 
; 831 cable lengths 1 nautical mile 
eV grains Sceupe 2 oom as 6080 feet 1 nautical mile 
» scruples | dran 7 Com I pound 1 nautical mile 1.15 statute mile 
The ounce and pound in this weight ; I as in Troy Weight | knot is a speed of 1 nautical mile per hour 


fvoirdupois Weight ‘aper Measure 
l grain roy 1 grain (Apoth.) 1 grain (Avdp.) 4 sheets 1 quire 2 reams 1 bundle 
dram 4 quarters “ 0 quires 1 ream bundles 1 bale 
4375 (KK) Ihe or " 
40) Ibs long te - 
{ : | l cu. em 061 cu. in 2150.42 cu. in 1 standard 
27 cu. ft l ep. yd bushel 
40 cu. ft l ton (shipping ) 1 cu. ft 4/5 of a bushel 
l cu. i 1 standard gallon 1728 cu. in 1 cu. ft 
12% cu it l cord (wood) 


bic Measure 


ch 


British bus! . ’ ‘fs ushel llousehold Measure 
; } drops l teaspoon 16 tablespoon 


teaspoor 1 dessert spoon 2 gills l cup 


teaspoor 1 tablespoon 2 cups 1 pint 


) 


4 gill nt 1 gall 231 cu. iv 
16 fluid ounces 1 barrel METRIC EQUIVALENTS 
) pints 1 quart ! 1 hogshead - 
4 quart 1 gallon Linear Measure 
sritish Imperial gall 1.200 | gallons millimeter 0.03937 inche 1 kilometes 0.62137 mile 
te ntains 7.48 gallons and weighs 62.321 | centimeter 0.3937 inches 2.54 centimeters 
decimeter 3.937 in y 3048 decimeter 
0.328 ft ! 0.5029 dekameter 
meter 39.37 i 1.0936 ‘ 0.9144 meter 
ards ’ 16093 kilomete: 
dekameter 1 ORR4 rods 


cubic foot of w 


hi Vie sure 

4) rods 1 furlong 

8 furlongs 1 statute mile 
5280 feet 1 statute mile 

mies 1 league Square Measure 

sq. cn 0.1550 sq. in 1 sq. in 6.452 sq. cm 
ies sq. decimeter 0.1076 sq. ft 1 sq. foot 92903 sq. deci 
1 circular il 0.7854 square mils a. meter 1.196 sa de meters 


»quare VWeasure 


1,000,000 square mils l square incl ectare 2.47 acre 1 sq. yard 0.8361 sq. meter 
144 square , sq. 1 0% sq. yds 1 sq. re sq. kilometer 0.386 sq 1 sq. mile 2.59 sq. kilo 
sa. ft , i sq. rods 1 rood miles meter 
ods 640 ar 1 sq. mile 
Weights 
dyne 00102 grains 1 metric ton 1.1023 short 
gram 0.03527 ounces tons 
kilogram 2.2046 Ibs 1 ounce 28.35 grams 
metric ton 2205 Ibs 437.5 grains 
pound 0.4536 kilograms 
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Conversion Factors 


The word gallon, used in any conversion factor, designates the 
U. S. gallon. Likewise, the word ton designates a short ton, 
2,000 pounds. 

The figures 10°, 10° 
spectively. 

The figures 10', 10°, 10°, 
spectively 

“Parts 


10°", etc., denote 0.1, 0.01, 0.001, etc., re- 


et denote 10, 100, 1000. etc. re- 


Per Million,” (designated as always by 
weight. As used in the sanitary field, p.p.m. represents the num- 
ber of pounds of dry solids contained in one million pounds of 


water. In this field, one part per million may be expressed as 
8.345 pounds of dry solids to one million U. S. gallons of water 


p-p.m.), 1s 


To Obtain 
feet 


meters 


Multiply 
Acres Square 
7" Square 


Cubic feet 
Gallons 


meters 


Acre -feet 
“ . 2 Cubic 


Inches of mercury 
Feet of water 
Cms. of mercury 
Lbs /sq. inch 


Atmospheres 


Barrels cement Pounds—cement 


Bags or sacks-cement Pound 


777.5 Foot-lbs 

Horse-power 
Kilowatt-hrs 
K ilogram-calories 
Kilogram-meters 


British Thermal Units 
. . 3.927x10-* hrs 
2. 928x10-* 
6 2520 
107.5 
Foot -lbs 
Horse -power 
Kilowatts 


12.96 
0 02356 
0.01757 


Se¢ 


Centimeter 0.3937 Inches 


0.01316 Atmo- pheres 
Feet of water 
Lbs./aq. ft 

Lbs. /sq. inch 


Centimeters of mercury 
- 27.85 
0.1934 
Feet/min 
Feet/sec 
Meterssmin 


1.969 . 
6.03281 
0.6 
3.531x10 
6.102x10-* 
2.642x10-* 
10-* 
10-* 


7.48052 


Centimeters/second 


Cubic feet 
Cubic inches 
Gallons 
Cubic meters 
Liters 


Cubic centimeters 
rr) ‘ 


Gallons 
Cubic inches 
Cubic yards 
Liters 

Cubic cms 
Cubic meters 


Cubic feet 


28.32 
2.832x10* 
0.02832 
0.646317 
448.831 


16.39 
5.787x10-4 
1.639x10-* 
4.329x10-* 
1.639x10-* 


Million gals. /day 


Cubic feet/second 
+ yi “ Gallons/min 


. Cubic centimeters 
.Cuble feet 

Culfic meters 
Gallons 

Liters 


Cubic feet 
Cubic yards 
Gallons 
Liters 


Cubic inches 


Cubic meters 35.3 
oe - 308 


264.2 


yards 27 Cublie feet 
' 46.656 Cubic inches 
0.7646 Cubic meters 

Galions 


202.0 
764.6 Liters 


Dram: 27.34375 
oe 0.0625 
a 1.771845 


Grains 
Ounces 
Grams 
Feet 


Centimeters 
Meters 


Fathoms 6 


Feet 30.48 
a 0.3048 


0.8826 Inches of mercury 
Lbs./sq. inch 
a Lbs./sq. ft 
iene oe: Atmospheres 
- @ . 304.8 Kgs./sq. meter 


30.48 
18.29 


1.286x10-* 
5.050x10-" 


6.1383 
3.766x10-".. 


Feet of water 


Feet/sec Centimeters/sec 

a - Meters/min 
British thermal units 
Horse-power-brs 
Kilogram-meters 
Kilowatt-hrs 


Foot -pounds 


Multiply 


Foot-pounds/min 


By 


1.030x10-* 
) 260x10 


Gallons 0.13 
; xT 
785 


1 785u10-* 
1.785 
200085 


Gallons 
“ 0.83267 


Imperial l 
us 


Gallons water 8.3453 


Gallons/min 


Grains (troy) 1 
- 0.06480 


Grains/U.8. gal 
. U.S. gal 
Imp. gal 


Grams 


Grams liter 
7 1000 
Hectare 2.471 
42.44 
0 


0.7457 


Horse -power 


33,479 


Horse-powet 
‘ 9.803 


(boiler) 


Inches 2540 
Inches of mercury 1.133 
; ; 04912 
003442 
345.3 


0.07355 


Inches of water 
” " ee 0.0261 


Kilograms 2.205 


Kilograms-calories/min 51.43 
oh ’ 0.09351 
0.06972 


2x0." 
1L.422x10-* 


1281 
0.6214 


Kgs./aq. meter 
Kilometers 


Kilometers/h: 69112 


Kilowatts "69° 


iof 6 
1.341 
14.34 


Liters 
Meters 


Miles 
Miles/min 


Milligrams/liter 
Million 


Miner's 


gals. /day 
iInche 


Ounces 


Ounces (fluid) 


Parts/mill } 
~ " 00584 
0.07016 


Pounds 


W.&5.W 


To Obtain 


Horse-power 
Kilowatts 


“uble feet 

‘uble inches 
“ubic centimeters 
“uble meters 
Liters 


U. 8. gallons 
Imperial gallons 
Pounds of water 
Cuble feet/sec 
Liters/sec 
Cu. ft./her 


Grains (avotr.) 
Grams 


Parts/million 
Lbs. /million gal 
Parts/million 


CGirains 
Ounces 
Dynes 


Grains/gal 
Pounds/1000 gals 
Parts/million 


Acres 


B.T. Units/min 
Foot-ibs./sec 


Kilowatts 


B.T.U./hr 
Kilowatts 


Centimeters 


Feet of water 
Lbs. /sq. inch 
Atmospheres 
Kegs./sq. meter 


Inches of mercury 
Lbs./sq. inch 
Lbs 


Foot-pounds/sec 
Horse-power 
Kilowatts 

Feet of water 
Lbs./eq. inch 
Feet 
Miles 
Feet 
Centimeters /sec 


B.T 


Bec 


Unitsa/min 
Foot-lba./see 
Horse-power 
Ke -calories/min 
Gallons 

Cuble inches 
Cuble feet 

Feet 

Inches 

Yards 

Foet 

Kilometers 
Peet/sec, 
Kilometers/min, 


Parts/million 
Cuble ft 
ft./min 


sec 
Cuble 


Grams 
Cirains 
Ounces (troy) 


Cuble inches 
Cubic em, 


Lbs. /million gal 
Grains/U. 8. gal 
Grains/Imp. gal 


Ounces 
Orains 
Grams 
Pounds (troy) 
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By To Obtain 
0 01602 Cuble feet 
27.68 Cubie inches 
0.1198 Galions 
0.01602 
16.02 
5.787x10- 


1.488 


178.6 


Grams/cubic cm 
Kgs./cubic meter 
Lbs./cubic inch 


Kgs./meter 
Grams/cm. 


0.01602 
4.8893 


Feet of water 
Kes. /sq. meter 


2.307 Feet of water 
2.036 Inches of mercury 
0 06804 Atmospheres 
703.1 Kgees./sq. meter 


Quires 25 Sheets 


Reames 500 Sheets 


0.1550 
1.076x10-* 


Square inches 
Square feet 


Bauare 


144 Square inches 
6.09290 Square meters 
2.296x10 Acres 


‘ 


52 Square centimeters 


To Obtain 
Acres 
Square feet 
Square yards 


Multiply By 

Squaré kilometers 247.1 
= “ 10.76x10* 

1.196x10* 
10.76 
1.196 


Square feet 
Square yards 


Acres 
Square feet 
. Square Kilometers 


. Square feet 
Square meters 
Acres 
Kilograms 

. Pounds 

. Tons (short) 

. Kilograms 
Pounds 
Pounds 
Kilograms 

-Gallons/min. 
B.T.Units/min. 
Foot -pounds/sec 
Horse- power 
Kg. -calories/min. 
Meters 


Square meters 


Square miles 640 

ya 27.88x10* 
2.590 

Square yards 9 

# ~ 6.8361 

2.066x10-* 


(long) 


Tons (metric) 
Tons (short) P : 
+ ” 907.18486 
0.16643 
0.05692 
.. 0.7376 
1.341x10-* 
0.01434 
0.9144 


Tons of water/24 hrs 
Watts 


Weights and Measures 


Troy Weight 
20 dwts l 
12 ounces 


ounce 


1 pound 


1 carat 
1 dwt 
Used for weighing gold, silver, and jewels 
A pothee aries Weight 


8 drams 1 ounce 
1 pound 


1 seruple 


} scrupl 1 dram 12 ounces 


The ounce and pound in this weight are the same as in Troy Weight 


Avoirdupois Weight 
1 grain ( Apoth.) 1 grain (Avdp.) 
1 ewt 
1 short ton 
1 long ton 
1 British ton 


1 grain (Troy) 
11/32 gran 4 quarters 
2 000 Ibs 
2,240 Ibs 
1 pound 1 long ton 
l quartet 


1 dram 


| ounce 


437.5 


Dry Measure 
l peck 


1 bushel 


S quarts 
4 pecks 


Jushel 


1 quart 

67.2 cu. in 
1 bushel 1.032 U. S 

Liquid Measure 
1 gallon 231 cu. i 

1 pint 31% gallons 1 barrel 
quart 2 barrels 1 hogshead 
4 jUa l ; allon 
1 British Imperial gallon 1.200 U. S. gallons 
1 « foot of water contains 7.48 gallons and weighs 62.321 Ib 


Measure 

40 rods 1 furlong 

8 furlongs 1 statute mile 
5280 feet 1 statute mile 

3 miles 1 league 


Linear 
0.001 wmech 
1 foot 
l ya d 


1 rod 


Square Measure 


1 circular mil 
1,000,000 square mils 
144 squat 


0.7854 square mils 

1 square inch 

inches 1 sq. ft 30% sq. yds 1 sq. rod 
1 sq. yard 40 sq. rods 1 rood 


l acre 43560 640 acres 1 sq. mile 


Surveyor's Measure 
43560 sq ft 


640 acres 


1 acre 


7.92 inches 1 link 
. 1 sq. mile 


25 links 1 rod 
4 rods ] chain 
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10 sq. chains or 160 sq. rods = 1 acre 
36 sq. miles (6 miles square) = 1 township 


Mariners’ Measure 
6.08 feet 1 fathom 
120 fathoms 1 cable length 
8.31 cable lengths 1 nautical mile 
6080 feet 1 nautical mile 
1 nautical mile 1.15 statute mile 
1 knot is a speed of 1 nautical mile per hour 


Paper Measure 


1 quire 2 reams 


1 ream 5 bundles 


1 bundle 
1 bale 


24 sheets 
20 quires 


Cubic Measure 

2150.42 cu. in. « | 
bushel 

1 cu. ft 4/5 of a bushel 

1728 cu. in 1 cu. ft 

128 cu. ft. 1 cord 


061 cu. in. standard 
1 ep. yd. 
1 ton (shipping ) 

1 standard gallon 


cu. Cm, 
7 cu. ft 

cu. ft, 

cu. in 
( wood) 


Household Measure 

1 teaspoon 16 tablespoons 1 cup 
1 dessert spoon 2 gills 1 cup 
1 tablespoon 2 cups 1 pint 
METRIC EQUIVALENTS 
Linear Measure 

0.03937 inches 1 kilometer 
centimeter 0.3937 inches inch 
decimeter 3.937 in. = foot 
0.328 ft. rod 
39.37 in 1.0936 yard 


mile 


drops 
teaspoons 
teaspoons 


0.62137 mile 
2.54 centimeters 
3.048 decimeters 
0.5029 dekameter 
0.9144 meter 
1.6093 kilometers 


millimeter 


meter 
y ards 
dekameter 


1.9884 rods 


Square Measure 
0.1550 sq. in. sq. in 
0.1076 sq. ft. sq. foot 
1.196 sq. yds. meters 
2.47 acres sq. yard 
0.386 sq sq. mile = 
meters 


Weights 
1 metric ton 
tons 
l ounce = 28.35 
437.5 grains 


6.452 sq. cm 
9,2903 sq 


sq cm 
sq. decimeter 
sq. meter 
hectare 
sq. kilometer 
miles 


dect- 


0.8361 sq. meter 
2.59 sq. kilo- 


00102 grains 1.1023 short 
gram 0.03527 ounces 
kilogram 2.2046 Ibs. 
metric ton == 2205 Ibs. 


pound = 0.4536 kilograms 


dyne 


gtams = 
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CONSOLIDATED REFERENCE AND DATA INDEX 
1951 through 1955 


All subjects in this and previous issues are listed with the respective keys—('51), (52), ('53), (54) of 


Calgon Treatment 


Capacity Tables and Charts 
Accounting ’ ijrass and copper pipe 
Head  Efficien« th 
Activated Carbon— Parshall flume flow 
tors influencing Efficiency , s-10 Pipe line, Relative 
Taste and Odor Control ‘ . Rectangular tank in ft.. ga 
Sewer pipe in «pn 
Tanks and Pipe, Horizontal 


Weir 


reepov relation 


Activated Silica— 
Impr ing Water Plant Operation with 
Preparing and Using 

Activated Sludge— arbon Dioxide, pH, and Alkalinity Relationships 
Diff \ 


Maintenance , arrying Capacity of Pipe Lines, Relative 
ta of process 


ast Iron Mains (See MAINS 
entrifugal Pump 
Application, Ba 

kinhciency 


test 
Operatir ndamentalis 
Operat 
. Crenera 
Addition of Garbage to Sewage 55 f Maintenar 
Operat ‘ 
Administration of Small Water Plants + ra 
ecullarith 
Administrative Practices ) Selection 


Air, Compressed (See COMPRESSED AIR hannel 
Air Conditioning— Flow & Depth is 
( wrth ) Formula & nomograph for flow calculation 


Water us« 
harge Formulas for Industrial Wastes in Municipal Sewage 


riffus Maintena 
Air Diffuser ’ t haracteristics of Chlorine 
4 : 10 harts 
Alkalinity—-carbon d’oxids atk 2) R-104, R-10 
Algae A P : he 7 
K 


Air Flushing 


COPPER 


Alkalinity 


f 


- ' gular tan) olume and weight 
ale h ¢ Chart for Dry Chemical Feeders 


Relation t I Concrete pipe line flow 
R 


2 Content f Cylindrical Tanh 
Altitude t Determining p« ent sludge dis 
Determining Pumping Costs 
Altitude Valves (50) ! Differential producer recovery 
Analytical Methods— ee jor 

Alka ty | Meth P an ) ' 


ion of pipes, rods, et 
: low in ar Sewers 
te Dosage : : 
Flow in Rectangular Channels 


“ f Air in Pipes 


low Powergraph 


ume <0 x ot 4 : t lo 
r Sulphide y j 
Annual Power Costs for Various Head Losses ) 17 Head- Capacity Efficiency Horsepower relation 4) 
Head Loss in Concrete Pipes by Scobey Formula 
Apparatus for Collecting Flecculated Samples Head Lowes Through Fittings, Valves. Hydrants. et 4) R-lol 
Application Head Loss Through Valve Fittings 4) R-100 
oie ~~" , on . : Hydra ouses ) Rel 
. Lar of head in pips } v7 >) Reta 
f Lubrication Check Sheet ) R-S18 
‘ Measurement of Pipe Flow by Circular Orifice i R 
Areas of Circles Pipe Diameters Velocity —Head Los i R 
t . , Pipe Flow K 
Pressure to Head ) R-17 
Atmospheric Pressures at Various Altitudes (5 l Pumping Costs Ris] 
Sludge Density to Volume Ratio } h-206 
Sludge Digestion f R-200 
Weir, Rectangular ’ K-449 
Weir, 60° and 00 ; ’ S) R-BS 


ulic entrance | 


Areas, ( 
Areas, Volumes, Surfaces, Calculation « 


Automatic Pumping Control 


B 


Basic Factors in Centrifugal Pamp Application hemical Dry Feed Doses 
in grains per ga 
in Ib. per hr 


heck Sheet, Lubrication 


Basic Factors in Preparing a Centrifugal Pump Inquiry 


Beams 
Bean | afe Loading 
Heam Ww“ len, Safe Loading 


, vn , hemical Feeders (See FEEDING DEVICES) 
f hemical Feeder Puzzlers 
Bending Pipes hemical, Handling and Feeding 
B-1-F Keep Sheet No. 21 : hemical Weed Killers 


Block and Tackle Chart 2) hlorination to Restore Aqueduct Capacit 


Blotting out Waste hemical Feeders (See FEEDING DEVICES) 
Biowing out Service Lines { t hemistry, Coagulation 


B.0.D. Pepulation Equipment ("62 i] hiorination (Also see CHLORINE) 
ict 
Books Water an« ewage Work ontrol Nomogram 
Brass and Copper Pipe Delivery Capacity 4 o ols Pipe Line Growths 
Nomograms 
Breaking Sewers to Make Connections ) o sewage) 
ontrol ewage) 

tical Aspect 

Buying and Using Lime Restoration of Aqueduct Capacit 
Sewage 
Sewage and Industrial Wastes 
Sewage, Dosage contro] ir 
Water 
Water Main Sterilizatior 


Bulking, Act ted Sludge (See ACTIVATED SLUDGE) 


Calculation 
Ares ar \ , 2 hlorine 
Pipe I t ag ) Characterist 
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REFERENCE AND DATA INDEX — 1951 through 1955 


subjects in this and previous issues are listed with the respective keys 


Handling Truck 
mog raph 


yueduct Capacity 
V racth Handling 
lreatment of ‘ for capacity recove 


Chierine Supply 
Recommendec 
Circles juare 
Civeular and Trapeseidal Conduits 


Civeular Orifice for t w Measurement i561) R-38, R-OO 


Classified Index of Products 
R-178 


Clay Sewer Pipe, Velocity and Diecharge in 
Cleaning and Lining Distribution Systems { (65) R-169 
( eagelation 

A ated 


Contr lewta 


3) R-107 
) R-O7 
Sedimentat ' (66) R-O6 
Water (55) R-O9 


Coefficient of Friction and Pire Flew } Mag. 149 


Celer Cede y r Plant 4) R-134 


Commercial Pipe Size for Fire Stream 


Compressed Air 
Dewatering Mair with 
Mair eaning 
Small Main f 


(63) R-66 
(62) R-75 
mhing (65) R-196 


Cenecentric Ring Area Nomograph 

Concentric Orifices 

( enerete 

1) R-100 
hl) K-32 
4) K-185 


R-340 


Quentitiese of Ingredients 


Pipe flow nomograph 
Proportioning Ingredients 


Cendait, Flow and Depth in 

Conical Piles, Contents of 

Contents of Horizontal Cylinders, Pipe and Tanks 
Contents of Rectangular Tanks 

Continuous Sampler 


Centrol 
A lune 
Chiorine Dosag 


1! 
14 


Corrostor CORROSION) 
R-71 
R-118 
R-153 
R-151 


Inatrumentatior 

Laborator 

Odors tt 

Root 

rASTES and ODORS) 
R-07 
R-101 
R-344 


RK 


Cenerete Pipe 
Cenetroction, Dx en 
Centre! ef Ceorresion 


Conversion Tables and Data 
Alkalinity, pH and CO 
Altitude to atmospherte pressure 
nversion Tables 
engineering data 
per min, (Dry feed doses) 
f Water 


ches of water and mercury 
to equivalent amalier pipe 
a ltitucde Atmospheric 
apac ity 
to pounds 


mea ires 
Conduit and Channel Flew (See CHANNEL FLOW) 
Contents of Conical Piles 
Copper and Brass Pipe (See BRASS) 
Cepper and Health 
Cepper, Method Determining 


Copper Sulfate 
Dosage determination for algae 
Reot eontrol in sewers 


Cerresion 
Control 
Mechaniom of Water Pipe 
Mitiwatk n 
Threshold tr 


2) R-70, R-82, (54) R-141, | 


ewatment 


Chart to Determine for Pumping 
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(51), (52), (53), (54) or (55) 


Head lous 

Leaks 

Main extensions 
Pumping 


Cubie Feet, Gallons, Pounds of Water in Rectangular Tanks 
Nomograph 


Customer Contact 
Cutting Pipes (See MAINS) 


Cylinders and Cylindrical Tanks— 
Contents of Horizontal 


Damp Water Pipe, Painting 


Data— 
Engineering 
Decimal Equivalents of Fractions 
Deep Sewers, Continuous Samples 
Deep Well Pumps (See PUMPS, DEEP WELL) 
Deep Wells (See WELLS) 
Design— 
Design and Construction 
Distribution system 
Main Extensions of Small Size 


Sewage Pumping Plants 
Water Services 


Determination of — 

Pumping Costs 
Developing Water Rates 
Dewatering Mains with Compressed Air 
Dewatering Sludge 
Diagrams— (See CHARTS) 
Diffuser, Main finance 
Diffuser Media (See ACTIVATED SLUDGE) 
Digester Lining 
Digestion (See SLUDGE DIGESTION) 
Directory of State Sanitary Engineers 
Directory of Water Pollution Control Agencies 
Disaster Preparedness 


Discharge Tables— 
Clay Sewer Pipe 
Fire Flows 
Fire Streams 
Parshall Flumes 


Disinfection— 
Main 


Tanks, spraying methods 
Disposal, Sludge 
Distribution 


Distribution System— 
Altitude Valves 
Cleaning and Lining 
Design, maintenance and operation 
Extension financing 
Pressure Regulators 
Stee! Tank Reservoirs 
Storage 
Valve and Hydrant Maintenance 


Dosage Control— 
Copper sulfate for algae 
Chiorine for sewage 


Dry Chemical Feeders (See FEEDING DEVICES, CHEMICAL) 


E 
Economics of Water Softening 


EF fliciencies— 


Head Cagacity Horsepower relation 


Ejector and Washer, Grit 


Electricity— 
Electric Controller Maintenance 
Equipment Maintenance 
In the Plant 
Practical in the Plant 
Electrical Equipment Operations 
Electronic Equipment for Lecating Buried Pipes 
* (61) Mag. 160, R-49 5) R-146 


(55) R-333 


Elevated Storage 
Engineering Fundamentals 
Engines (See GAS ENGINES) 
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All subjects in this and previous issues are listed with the respective keys—('51), ('52), ('53), 


Equipment— 
Electrical, Operations (55) 
Main Sterilization (51) 
Sewage Treatment Plant R-144 
Sewage Works { 


R-55 
R-41 
(54) R-234 
53) R-208 


Equivation of Pipes— 
Relation of capacity of large to smal! pipes (61) R-36 

Equivalents— 
Alkalinity i 
Decimals of Fractions (55) 
Engineering Data (63) 
Heat and power (51) R-130 
Inches of water to mercury (61) R-130 
Metric (62) R-89 
Weights and 51) R-174 


R-334 
R-104 
R-212 


>) 


measures { 


Expansion Chart for Pipes, Beams, etc. 51) R-O5 


Expansion Chart 


Factors and Engineering Data 
Feeding Devices— 
Checking chart 
Chemicals 
Handling, Chemicals 
Dry feed doses in GPG and oz 
Guides for Selecting 
Resistant Materials for 


per min 


Fertilizer, Sludge— 
Sewage Sludge 
Sludge as Fertilizer 


Utilization 


Filter— 
High Rats 
rrickling 
Washing 
Washing 


Trickling Filter 
Operation (63) R-186 
Rapid Sand Filter f R 
and Maintenances 5) R 
Filtrability Water 55) R-ll 
Financing— 
Distribution system extensions . 
Sewerage 
Sewage works i 


Test, 


4) R-7 
4) Rel 
5) R-2O 


improvements ‘ 
s1) R-111, (62) R-139, ¢ 
Fire— 
Flow 
Flow Required for Towns 
Hydrant (See HYDRANT) 
Stream Effective 
Streams vs. Pipe Size 


HYDRANTS) 
Table of Effective 


Measurement (51) Mag, 1 
(61) R-44, (62) R-1 


Fire Hydrant (See 
Fire Streams 
Fittings— 

of Head 


Lows 


Flow — (Also HYDRAULICS) 
Channel, Open (Manning formula) 
Concrete pipe line 1) R-32, ('62) R-176, (°53) R-128, ¢ 
Differential producer characteristics 1 
Fire 2 
Fire hydrant gage 
Friction — Power relation 
Flow Gage, Fire Hydrant 
Hazen-Williams formula for pipe 
Head Loss in Conerete Pipes by Scobey Formula ("54) 
Head Loss Through Fittings (54) 
Head Loss Through Valves and Fittings (64) 
House Service Pipes (51) 
Measurement (65) 
Measurement devices and meter ('55) 
Orifice, Measurement by (51) R-38, (62) R-57, 
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